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SUMDMARY

Druy substances are often dehvered as formulations and thus combmed with mert
substances like additives to facilitate the formulation, stability ot drug (s) and also for
their acceptability by the patient. The drug formulations usually contain more than one
drug substance to attain the better therapeutic effect. These formulations are produced
frequently as a batch of few thousands and the number of” samples finally tested
represent a small quantity of the total production. lence. there 1s a need for proper
assay method 1o test these dosage forms meant for clinical usc. The official
monographs describe various assay methods for the determination of pure drug
substances and for their formulations as single constituent, and a very few procedures
for combined formulations. Thus, analysis of drugs in combined formulation is always
o challenge to pharmaccutical chemist. Therefore. there has always been great
sienificance  attached  with those methods, which involves the  simultancous

determination of drug substances from the combined prcpuralions.

The analytical techniques bascd on chromatographic separations like HPLC, GC and
HPTLC have become popular n the estimation of drug substances from the marketed
formulations. However, these popular methods demand lot of time, cost and technical
cxpertisc 1n achieving better results. Thus, the objective of this thesis work was to
Proposc new analytical methods for combined formulations based on the principles of
UV spectroscopy, which are simple, precise, cost clfcetive and does not demand any

extra skill from the analyst.

The various UV spectroscopic techniques used in this thesis for the analytical mcthod

development were difference, derivative and derivative-difference spectroscopy.

v



The drue tormulations analysed based on the principles of difference spectroscopy
WO
£ Metromdazole and nalidixie acid tablets

b Metromdazole and diloxanide turoate tablets

Simularly. the varous drug combinations attempted using dervative spectroscopy were
4. Tmidazole and furazohdone tablets

b. Timidazole and clotrimazole tablets

¢. Timdazole and norfloxacin tablets

Jd. Tinidazole, furazolidone and diloxanide furoate tablets

¢. Mectoprolol tartrate and hydrochlorothiazide tablets

Propranolol hydrochloride and hydrochlorothiazide tablets

Atenolol and amlodipine besylate tablets

4

h. Amlodipine besylate and enalapril malcate tablets
i, Atenolol, amiloride hydrochloride and hydrochlorothiazide tablets & capsules

j. Haloperidol and trihexyphcenidyl hydrochloride tablets

At the end, the above two proposcd techniques have been combined to resolve the
overlapping spectra and analysc the drug mixture in

4. Phenobarbitone and phenytoin sodium tablets.

The above proposed methods were found to be accurate, simple and precise. The
developed mecthods  were validated according to the procedures described in
U.S.P. 23 and also the detailed statistical treatment of analytical data was reported. The
proposcd mcthods will be uscful for routinc analysis of drug substances from their

combined preparations.

\Y



TABLE OF CONTENTS

CERTIFICATE
ACKNOWLEDGEMENTS
SUMDMARY
CHAPTER 1: INTRODUCTION
Prcamble

Scope and objective of the work

CHAPTER 2: DIFFERENCE SPECTROSCOPY

2.1 Introduction

2.2 Design of the expernment

2.3 Simultancous estimation of metronidazole and
nalidixic acid in tablets

2.4 Simultancous estimation of metronidazole and

diloxanidc furoate in tablets

CHAPTER 3: DERIVATIVE SPECTROSCOPY

3.1 Introduction

3.2 Design of the experiment

3.3 Simultancous cstimation of tinidazole and
furazohdonc in tablets

3.4 Simultancous cstimation of tinidazole and
clotrimazolc in tablcts

3.5  Simultancous cstimation of tinidazole and

norfloxacin in tablets

Vi

v

9

9

60

09

91

109



Simultancous estimation of unidazole. furaszohidone
and dilosamde furoate i tablets
Simultancous estimation of metoprolol tartrate and

xii‘\k'i‘sln)I'\‘I]‘nl‘l/’itic m tablets

3.5 Simultancous estimation of propranolol hydrochlonde

and hydrochlorothiazide m tablets

V.9 Simultancous estimation ol atenolol and

amlodipine besyvlate i tablets

310 Simultancous estimation of amlodipine besy late
and enalaprl maleate in tablets

3,11 Simultancous estimation ol atenolol.
amiloride hydrochloride and hyvdrochlorothiazide
in tablets and capsules

312 Simultancous estimation of haloperidol and

trihexyphenidyl hydrochloride in tablets

CHAPTER 4: DERIVATIVE-DIFFERENCE
SPECTROSCOPY

4.1 [ntroduction
4.2 Design of the experiment
4.3 Simultancous cstimation of phenobarbitone and

phenytoin sodium in tablets
CHAPTER 5: CONCLUSIONS
REFERENCES

APPENDIX A: Calibration ol UV-VIS spectrophotometer
APPENDIX B: Analytical profiles of drugs

APPENDIN C: Summary of reported literature on the used techniques

APPENDIX D: Mathematical expressions used in statistical analysis

LLIST OF PUBLICATIONS

Vil

1G4

[ 8-

200

210

)

-
n

300
R1 B
329
341



CHAPTER 1

INTRODUCTION



1. INTRODUCTION

1.1 Preamble

Drugs have been used for centuries in the treatment of various discases. They may be
from plant. ammal or svnthetic source. These chemical  substances must be
transformed into a suitable formulation. acceptable to the patient. To transtorm into
such suitable dosage form, 1t 1s often necessary to combine with a number of inert

substances like excipients or adjuvants before administration by a suitable route.

[t 1s believed that the therapeutic response of a drug is an attribute of its
pharmacological activity. However, as on date the variations in therapeutic responsce
were observed when the sume drug is administered as different dosage forms or
similar dosage form produced by different manutacturers. This could be duce to the
variations in physico-chemical properties of the drug. the effect of various excipients
present in the dosage forms and the method of formulation. The excipients are added
in a dosage form to fulfill various requirements like the uniformity of composition,
casc of formulation, the physico-chemical stability and to ensure patient
acceptability. Though, the cexcipients arc considered to be inert in nature, still thev
can influence the stability, rate of relcase of drugs from the dosage forms and their
subsequent absorption. Hence all these factors can influence the therapeutic action.
In general, the prescription of a drug to a patient by physician is primarily based on
adequate therapeutic performance with less toxic cffects rather than on oraganoleptic
characteristics, cost and availability in attractive packing ctc. Hence. the quality of a
dosage form becomes more critical since all drug products directly affect the health
of the consumer who lacks knowledge to identify its quality unlike any other

commodity.

In this cra of competition, the number of drug products enter into market with a

similar composition is increasing yearly. The conditions under which they are being

made by various pharmaceutical firms are of great concern. Since, they arc intended



for clinical use. there should be a proper quality consciousness to be butlt in during

the manutacturing stage.

The official standards for pharmaccutical chemicals and formulated products are
avatlable in monographs and are designed primarily to set pernussive limits of
tolerance for the product at the time it reaches the patient. However, the conformance
to compendial standards as the sole basis for judging the quality of a final product
can be grossly nusleading. A compendial monograph could never cover all
possibilitics that might adversely effect the quality of a product. The ditficulties he
in part as the final dosage forms are frequently produced in batches of hundreds or
cven million in number. The number of samples assayed at the end of process is not
likely to represent whole production. Hence, to produce a quality final product. much
depends on the practising standards. testing methodology and the currently followed

quality control program of a manufacturing company.

In pharmaceutical analysis, as in most other analytical ficlds. the major problem is
not in the assay procedure itself but in the task of scparating or purifying the active
ingredient(s) of interest from impuritics and other substances that can interfere with
accuracy of the analytical results. The nccessary degree of purification is often
determined on the basis of whether or not other substances present will interfere in
anvway with the chosen method of analysis. In a method for a single. pure drug
substance, scparation or purification methods arc not usually necessary as they can
be analysed directly by titration or some other suitable mecthod. However, the
application of any analytical method to a pharmaceutical dosage form having onc or
more with its fillers, binders, stabiliscrs and other additives often requires a more
carcful preparation of the sample, including extensive pre-analysis study. purification

or scparation.

In the early years, separating the components of interest in a sample used to be

carried out mostly by precipitation, extraction or distillation. In some situations the



separated components were treated with reagents and could be recognised by the
vielded colour. optical activitics cete. Whereas, the amount ot analvtes was used to be
determined by gravimetric or titrimetric methods. The  classical methods  for
separating and determining analytes stll find use in many laboratorics in their
revised form. especially. the volumetric methods have been revised to reflect the
development of improved methods such as complexometric or potentiometric
titrations. But the extent of their general application 1s decreasing with the advent of

technology.

In the 19507s, the methods for separation and determination of chemical species hike
absorption and cmission spectrophotometry. chromatography. clectrode potential,
conductivity cte. were introduced. But. the application of above techmques could not
be exploited tll late seventies due to lack of reliable and simple instrumentation. The
modern instruments are cquipped with an cnormous array of tools for carrving out

analysis and detecting them at microgram to nanogram level.

The application of spectrophotometry in its various forms like ultraviolet-visible
(UV-VIS). infrared (IR), fluorimetry, nuclear magnetic resonance (NMR) and mass
spectrophotometry (MS), have crcated an impact on the direction of pharmaceutical
analysis and the product quality assurance in the carly cightics. The UV-VIS
spectroscopy has always had an important role in drug analysis for both qualitative
and  quantitative purpose. However, thc¢ development of quantitative
chromatographic techniques like high performance liquid chromatography (HPLC),
gas chromatography (GC) and high performance thin layer chromatography
(HPTLC) methods and their wide spread usage has come in the way of importance of
UV-VIS spectrophotometry and it’s application in the field of quantitative drug
analysis in the last decade. But, these chromatographic techniques demand lot of
time, expertise and cost in their operation. On the other hand, scveral new
developments in spectrophotometry such as the use of diode-array detectors (DAD),

UV detectors in HPLC, difference, derivative techniques and chemometric methods



like muluple lincar regression analysis (MLRA), principal component regression
(PCR). partial least squares (PLS) and multi-component analysis (M) have become
avarlable to the drug analvsts. As a resulte spectrophotometry 1s sull a valuable

technique in various arcas of drug analysis.

In ceneral. the final selection of method depends on many factors like the extent of
accuracy. precision. possible interference from other components of a mixture, the
sample size, the concentration range of analyte. the physico-chemical propertics of
sample matrix and finally the number of samples to be analysed. Other factors like
speed. case. skill, cost of equipment and the sample cost should also be considered

before the selection of method.



1.2 SCOPE AND OBJECTIVE OF THE WORK

The objective of the present thests is to develop new analytical methods for the
simultancous estimation of drugs in combined  tormulations by using UV-VIS
spectroscopy based techniques namely ditference and dernvative spectroscopy. These
techniques have been selected mainly due to therr potential and phenomenal success
in resolving complex mulu-component systems of pharmaceutical nterest i recent
vears. There are several assay procedures available in monographs for determination

of single drug constituent ot a tormulation,

For pure drug substances, the US.P. [1] recommended @ ttrimetric (e.g.: aspirin,
dicvelomine HCI and  thiabendazole), potentiometric titration (e.g.: diazepam,
dipvridamole and ketoconazole) or HPLC (e.g.: alprazolam. azithromyein and
ciprofloxacin HCly method but tor drug formulations HPLC method has been
rccommended (c.g.o aspirin tablets, diazepam tablets injection and  alprazolam
tablets). Whereas. the B.P. [2] and LP. [3] prescribed a potentiometric titration
(c.g.: econazole nitrate. metoclopramide HCI and penicillin-G potassium) or a
titrimetric (c.g.: aspirin. flurbiprofen. mefenamic acid and levodopa) method for pure
drug substances and ultraviolet spectrophotometric  (e.g.0 diazepam  tablets.

metoclopramide HCl tablets and flurbiprofen tablets) or titrimetric (c.g.: aspirin
tablets and mefenamic acid capsules) mecthod for the drug formulations. The
B.P. 1993 also suggested a sccond-derivative ultraviolet spectrophotometric method
for purity determination of vchicles (c.g.: benzene content in ethanol and isopropyl
alcohol) and for the drug formulations (c.g.: fluphenazine HCI tablets, perphenazine
tablets and procyclidine HCI tablets/injection). The above threc monographs also
prescribed a similar assay mecthod other than a chromatographic method for drug
formulations like a titrimetric method for ascorbic acid tablets, codeine phosphate
tablets/injection and ethambutol HCI tablets. Also, an ultraviolet spectrophotometric
method for chlorpheniramine maleate tablets/injection, chlorpromazine HClI

teblets/injection,  indomethacin  capsules/suppositoriecs, methyldopa  tablets,

pentazocine HCI tablets and pyrazinamide tablets was recommended bv these
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monographs. The U.S.P. also reccommended assay methods for the simultancous
determination of combined drug formulations (e.g.: acetaminophen - aspirin tablets,
diphenhvdramine  HCl - pscudocphedrine HCD  capsules,  spironolactone -
hvdrochlorothiazide  tablets,  sulphamethoxazole - trnimethoprim  tablets  and
levonorgestrel - ethinylestradiol tablets). Whercas no such methods have been
rccommended for combined drugs in B.P. 1993 (except for carbidopa - levodopa
tablets) and in LP. 1996 (except for carbidopa - levodopa tablets, pyvrimethamine -
sulphadoxine tablets). The assay procedures described in various monographs for

combined preparations are not adequate to meet with growing number of commercial

drug formulations. Therefore, there is an imperative need for the development of

suttable assav procedures for simultancous estimation of drug combinations.

In this thesis work. an attempt has been made to develop simultancous ASSaV
procedures of drug combinations for which suitable monographic procedures are not
avatlable (except for hvdrochlorothiazide - propranolol HCI preseribed in U.S.P. 23).
Thus. the developed new methods based on difference and derivative spectroscopy
will be practically useful for simultancous estimation of drugs from their respective

dosage forms. In accordance with the above view, the following experimental design

has been planned.

The experimental design deals with the following set of drug combinations:

1. The difference spectroscopic assay method was developed for
a. Metronidazole and nalidixic acid tablets

b. Metronidazole and diloxanide furoate tablets

2. The derivative spectroscopic assay method was developed for
a. Tinidazole and furazolidone tablets
b. Tinidazole and clotrimazole tablets
c. Tinidazole and norfloxacin tablets

d. Tinidazole, furazolidone and diloxanide furoate tablets

6



. Metoprolol tartrate and hydrochlorothiazide tablets

C

i Propranolol hyvdrochlornde and hvdrochlorothiazide tablets

2. Atenolol, amiloride hydrochlonde and hvdrochlorothiazide tablets & capsules
h. Atenolol and amlodipine besylate tablets

1 Amlodipine besyvlate and enalapril maleate tablets

1. Halopenidol and tnhexyphenidyl hvdrochloride tablets

‘sl

A new analvucal method has been developed with the combimation ot both
difference and derivative spectroscopy for the drug combination of

a. Phenobarbitone and phenytom sodium

Furthermore, the methods have been developed for the determination ot active
incredient(s) of the drug formulations, which were not offictal in U.S.P. 23,
BP 1993 and in LP. 1996 (except  for  propranolol  hydrochlonde -
hvdrochlorothiazide and metoprolol tartrate - hydrochlorothiazide). Since the
potency definition (limits) for the investigated drug combinations arc not available in
above three monographs (except for propranolol hydrochloride - hydrochlorothiazide
and metoprolol tartratc - h_\'drochlorolhiuzidc), the limits mentioned for the drugs as
single components in tablcts or capsules (except amlodipine for which amount

claimed on label has been considercd) have been uscd to interpret the results of the

analysis.

The experimental part deals with the description of methodology, results and
discussion of the new methods of analysis developed for the simultaneous estimation

of the various drug combinations.

All the spectrophotometric methods of cstimations were carried out by linear
calibration curves prepared with separate standards. The lincarity of the calibration
curves has been demonstrated with the help of the regression analysis as well as

various statistical tests like Student’s t-test and analysis of variance (ANOVA). The



instrument was calibrated as per the official [2.3] and other reported [4] mcthods.

The validation of developed methods was conducted as per the official procedures

described in U.S.P. 23.
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DIFFERENCE SPECTROSCOPY



2. DIFFERENCE SPECTROSCOPY

2.1 Introduction

The clectronic absorption spectrophotometry is perhaps the most widely used
technmique. both ofticially and unotticially, for the quanutative assay ot drugs n
dosage forms. The quanutation of single drug in pure as well as i dosage forms can
be carried out directly through Beer's Law [3]. if no other absorbing material 1s
present to intertere or it the interfering material can be removed. In general, most of
the spectrophotometric assay procedures include a prior separation or isolation step to
avoid any possible interference from the excipients. which may contribute to the total
absorbance at the wavelength of estimation. However. the direct spectrophotometric
determination of drugs in multi-component dosage forms is often complicated by
spectral overlap and interterences from formulation matrix known as background or
irrclevant  absorption.  This  background often consists of relatively  featurcless

absorption that increases in intensity towards shorter wavelength.

Scveral technigques have been devised to compensate for background absorption such
as three-point correction method [5]. solving two simultancous cquations [0.7] and:or
using absorbance ratios at certain wavelengths [8.9]. However. during the application
of these methods [5-9] the presence of spectral interferences and.or spectral overlap
would certainly leads to erroncous result [10]. The other approaches aimed at solving
this problem have been employed, includes orthogonal functions {10-12]. graphical or
lincar plot method [13]. difference spectrophotometry 14}, derivative
spectrophotometry [15] and newer chemometric methods like principal component
regression (PCR) [16,17]. simplex [17]. partial least squares (PLS) [17.18].
multi-component analysis (MA) [17,18] and multiple lincar regression analysis

(MLRA) [17,19,20].

In double beam spectrophotometry, a reference solution is scanned simultancously

with the sample solution to compensate for any .opacity of cell, solvent or added



reavents. Idcally. the reference and sample solution should be identical in all respects
exeept for the presence of the analyte.  In practice. when analvsing pharmaceutical
samples, there is always uncertainty concerning interfering matenials which may have

accompanied the sample and remam uncompensated by the reference solution.

Ditterence spectrophotometry is a method for compensating the presence of additives
m a drug sample which otherwise nterferes with the spectrum ot drug being
determined. The technigue involves the measurement of the absorbance difference
(AA) at a defined wavelength between two samples i which physical or chemical
propertics of one drug would have been changed. It was assumed that the above
change would not attect the spectral property of interfering material. Thus, difference
spectrophotometry utilises an ideal reference solution by emploving an aliquot of the
sample solution itself as a reference adjusted by change in pHor other parameter. The
reference and sample solution also contains both drug substances being analysed
including the additives at exactly the same concentrations. The variations in the
spectrum of the sample. if any. caused by pH or any other variations will be recorded
by the instrument as a characteristic of difference spectrum of the sample. It the other
materials present arc unaffected by the change in conditions, their contribution to the
total absorbance of cach solution will be identical and their effects will be cancelled.
[n general, the spectral changes arc induced by simple aqueous acids and alkalis to
cause a reversible jonization of groups dircctly conjugated to a chromophore. Since
many drugs arc weak acids or weak bascs, their state of 1onization and absorptivity
depend on the pH of the solution. Therefore, it is important that the acid and base
solutions be sclected such that both are at least two pH units away on cither side {from
pK., of drug, when the pH values arc closer to pK,, small changes in pH may causc
appreciable changes in the difference spectrum. Hence, the selection of buffers has to
bc appropriate and has been critically reviewed for barbiturate solutions [14] and for
amphoteric drug substanccs like pyridoxine and sulphathiazole [14]. While in most
instances of difference spectra involve pH effects, sometimes, spectral changes may

also results from factors other than ionization. These will permit sample and reference

10



solution to be prepared at idenucal pH with an improved hkelihood for cancellation of
interterences. The above concept had helped i identitving drug products against their
oxidised [14.21] and reduced samples [14.22-24] after a suitable treatment. There arce
also reports availabic tor the estimation of primary amine with formation of Schift’s

basc i presence ot a secondary amine [14].

The principal advantage of ditterence spectrophotometry lies inits potential for the
cancellation of interterences.  The existence ot 1sosbestic points (1.¢. the wavelength at
which the absorption of the solutions are equal) provides a usctul test for such
cancellation and can be used to analyse mixtures without interference trom cach other.
Such a determination without interference from the other drug in a binary mixture will
be possible at the isosbestic poimts, provided the isosbestic point of one drug lies at or
near the maximum of the difference spectrum of the other drug. Even in the absence
of such fortuitous juxtaposition of the isosbestic points of the difference spectra. the
spectra may still be used for determination provided the absorbance of one drug is
lincar with concentration at the isosbestic point of other drug and vice versa.
In contrast. a difference spectra method for single component dosage forms arce usually
simple and lie in the identification of a convenient analytical wavelength at which a
maximum amplitude difference will be observed. Therefore, this wavelength may be
used for quantitative determinations in exactly the same manner that simple

absorbancc is used in conventional spectra.

The difference spectrophotometry has been proved to be uscful as an analytical
technique for the assay of single or binary mixturc of pharmaccutical dosage forms by
climination of specific interference from degradation products [25,26], co-formulated
drugs [14,27-29] and from the formulation matrix [14]. This particular uscfulness of

the technique has been extensively reviewed by many workers in the past [14,30,31].

The review of litcrature shows that various catcgories of drugs have been successfully

estimated from their drug formulations by difference spectrophotometry. The various

11



reports for single drug preparations include analgesics & anti-inflammatory [32-30],
anubiotics [22.27.28.37-39]. antihvpertensives diurctics {23.40.41]0 antipsychotics
[42-44). vitamins [29.435] and others [23.24.26.40-30]. Similarly. the various reported
caterories of combined drug preparations include analgesies & anti-intlammatory
[31-30]. sultonamides [37-39], anudiarrhocals [60-62]. antipsychotics [63-06] and
others [21.67-09). The summary of this literature review was  presented  n

Appendix €

The basis of inducing spectral changes in above drug substances include use of simple
diluted aqueous acids like hydrochloric acid (HCD. sulfuric acid (H:504) and

solutions of sodium h_\'droxidc (NaOH). In few instances. the dru:r substances have

The method of determination ot drug n above reported preparations is mostly at the
wavelength of maximum amplitude difference for single drug products and the
isoshestic point procedure for combined drug formulations. The literature review also
suggested that this technique is not only suitable for the estimation of drugs in their
solid dosage forms but also uscful in estimating from other dosage forms like

ophthalmic solutions [22]. injections [32]. nasal drops [47] and infusions [56].

[n addition to above, difference spectrophotometry can be used for quality control
purposcs, whenever the interfering material is well defined an appropriate dilution of a
suitable reference solution can be used in the reference cell. However, the difference
absorbance is susceptible to systcmic CITOIS when there is uncertainty in the
concentration of interfering materials in the samples to be assayed. This error
increases in proportion relative to the ratio between molar absorptivity of the

interference and to that of the drug [70].

12



2.2

Design of the experiment

This scction deseribes the esumation of two ditferent drug combinations as pure

adnmuxtures and dosage torms by zero-order ditterence spectrophotometry. The basic

cexperimental approach  tollowed tor the work using this technique was  same

throughout.

All the reported work in this section was carried out using JASCO model 7800 double

beam UV-VIS spectrophotometer with 1 em quarts cells. A scan speed of 480 nm min

and a bandwidth of 3 nm were maintained. Ordinate maximum and minimum were

adjusted according to the amplitudes of measured values. The instrument was

calibrated before the development of cach method according to the procedures

deseribed in official monographs [2.3] and the results obtamed were reported in

Appendix AL

The stepwise experimental approach is:

d.

Preparation of standard solutions of pure drugs with sclected acid and alkali
buffers to obtain equimolar solutions with appropriate concentration range 1o
maintain the desired formulation ratio.

Recording of the difference spectrum of pure drugs by placing the acidic solutions
in the reference compartment and their alkali solutions in the sample compartiment.
Identification of the suitable i1sosbestic points for both the drugs at which the
estimation of other drug would be possible from their standard solutions.
Examining the lincar proportionality of absorbance values with different
concentrations of drug solutions at the possible isosbestic wavelengths identified
in step “c”.

Preparation of different series of solutions from the respective stock solutions of
purc drugs for the construction of the calibration curve. The scries of solutions
were always prepared as a representative of both pure drugs and mixtures. The

comparison of regression cquations between pure drug solutions with that of the
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mixtures was done to establish the selectivity of chosen wavelength for the
determination.

I'o establish an ideal concentration range tor drugs in combination and to study
possible interferences. 11 any, between mixture components, an interaction study
with muxture solutions was carried out at the idenutied wavelengths in step ™ ¢
Ihis range was also required to fulfill the comphiance of Beer's law and to meet
the proportion of drugs n commercial tormulations, which ought to be estimated
by the method.

Validation of the developed method according to the procedures described in
U.S.P. 25,

Application of the developed method to commercial preparations for the suitability
In routine analysis.

Finally, the staustical analyvsis of data obtained for standard solutions and the
commercial preparations ot cach combination was done and the detatls were
discussed under the respective experimental scection. The vartous mathematical
expressions used  for  the statistical treatment of data were presented  in

Appendix D.
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2.3 SIMULTANEOUS QUANTITATIVE DETERMINATION OF
METRONIDAZOLE AND NALIDIXIC ACID IN TABLETS BY
DIFFERENCE SPECTROPHOTOMETRY

The combination of metronidazole (MDZ) and nalidixic acid (NA) as a tablet is being
widely used for diarrhoca and dysentery of mixcd infective ongin. The reported
methods for the estmation of MDZ as single preparation includes ultraviolet [23],
polarographic [71-73]. colorimetric [74.75]. GC [76]. HPLC [77.78] and ultraviolet
derivative spectrophotometric method [79]. There are also reports available for MDZ
in combination with other drugs [02. 80-92]. In particular, the reports related to MDZ
in combination of NA emploved HPTLC [SO]. multi-component analysis (MA) [81]
and HPLC method [82]. Whercas, the literature reports available for the estimation of
NA as single constituent includes TLC [93]. HPLC [94]. fluorimetry [95] and
ultraviolet method [90]. However. the official monographs described titrimetric [1],
potentiometric titration method [2.3] for purc MDZ, and HPLC (1], titrimetric {2.3]
and ultraviolet method (3] for its determination from various available dosage forms
as a single preparation.  Similarly, the official monographs described titrimetric [1],
potentiometric titration method [2.3] for pure NA and ultraviolet method [1-3] for its
determination from different dosage forms. This scction of the thesis comprises the
details of the successful design of a zero-order difference spectrophotometric method

for the estimation of these drugs from its pure admixtures and in tablet preparations.

Materials and Reagents
Metronidazole (Gufic Ltd., India) and nalidixic acid (Win-Mcdicare, India) were
obtained as gift samples. Hydrochloric acid (Qualigens, India), sodium hydroxide

(Qualigens, India) and methanol (Qualigens, India) used were all of analytical grade.
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Standard Solutions

The stock solution of pure MDZ and NA were prepared by dissolving 25 myg of cach
of the pure drug separately in 30 ml of methanol.  Appropriate volume aliquots of
MDZ and NA solutions were transterred separately into 10 ml volumetric flasks in
duplicate. The volumes were made up with 0.1M HCland 0.1M NaOH to give a series
of cquimolar solutions containing 5-25 g ml MDZ (Table 2.1 and Scrics A in
Table 2.2) and NA (Table 2.1 and Series € 1n Table 2.2). Similarly, two scries of
10 ml cach equimolar solutions of mixtures of MDZ and NA in O.1M HCl and
0.1M NaOH were prepared from the stock solutions. The first scrics contained a
constant concentration of NA (15 pg ml) and a varying concentration of 3-25 g ml of
MDY (Table 2.1 and Series B in Table 2.2). While, the sccond series contained a
constant concentration of MDZ (10 g ml) and a varying concentration of 5-25 pg ml

of NA (Table 2.1 and Series D in Table 2.2).

Interaction Study

Two separate scrics of mixture solutions of 10 ml cach of MDZ and NA in 0.1M HCl
and 0.1M NaOH were prepared from fresh stock solutions according to the procedures
mentioned above. The first scrics contained a constant concentration of NA (15 pg/ml)
and a varying concentration of MDZ (5-35 pg/ml). Similarly, the sccond scrics
contained a constant concentration of MDZ (10 ng/ml) and a varying concentration of

NA (5-40 pg/ml).

Method Validation

a. Accuracy and Precision

Five separate MDZ (10 pg/ml) and NA (15 pg/ml) standard and test samples with
0.1M HCI and 0.1M NaOH were prepared in duplicate from freshly prepared stock

solutions according to the above mentioned procedures.
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b. Linearity

Separate series of solutions of MDZ. and NA containing 5-35 g ml of cach pure drug
were prepared from the stock solutions meant tor method validation.

c. Specificity

Sertes of five mixture solutions ot cach containing MDZ (10 pg mb and NA

(15 g ml) were prepared from the stock solutions meant for method vahdation.

Sample Preparation

Twenty tablets of cach brand (AN, AY and AZ) were accurately weighed. powdered
and a weight of powder cquivalent to 10 mg of MDZ (and 15 mg of NA) was
dissolved in 50 ml of methanol by thorough mixing and diluted to volume in a 50 ml
volumetric flask. The samples were filtered through Whatman filter paper No.l. The

first and last 5 ml of the filtrate were discarded in cach instance. Appropriate volume

aliquots of cach filtrate were diluted with 0.1M HCI and 0.1M NaOll to obtain

cquimolar solutions containing approximately 10 pg mlof MDZ and 15 ng ml of NA.

Procedure

The normal absorbance as well as the absorbance difference of acidic and cquimolar
alkali solutions of pure drug and samples were measured in the range of 260-350 nm
by placing the acidic solutions in the reference compartment and the alkali solutions in
the sample compartment. The absorbance difference of the analyvtes at 292.0 and
325.2 nm was corrected for the absorbance difference, if any, between 0.1M NaOH

solution and 0.1M HC1 at thesc wavelengths.

Results and Discussion

The normal spectra of MDZ and NA in both acidic and alkaline solutions were shown

in Figures 2.1 and 2.2. It was evident from their spectra recorded in individual acidic

60

(Spectra “a” in Figures 2.1 and 2.2) and alkali solutions (Spectra “b” in Figures 2.1

.

and 2.2) that both the pure drugs were overlapping in the range of spectral

measurement. As mentioned in the introduction of this section. the earlier
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conventional methods [3-9] could not be considered tor their simultancous estimation
due to the appreciable absorbance of one drug at or near the wavelength maximum of
the other drug and vice versa. Theretore. a zero-order difference spectrophotometric
method was considered due to the spectral shifts observed for both the drugs in
alkahine media. This shitt i wavelength maximum was tound to be more in the case
of MDZ than compared to NA. The recorded ditference absorption spectrum of MDZ
and NA solutions resulted in producing 1sosbestic pomnts at 292.0 nm for MDZ
(Figures 2.1 and 2.3) and at 270.6 and 325.2 nm tor NA (Figures 2.2 and 2.3). It can
also be observed from Figure 2.3 that the recorded mixture spectra of drug solutions
showed an appreciable absorbance difference (AA) at the isosbestic point of other
drug. This fortuitous juxtaposition of the isosbestic points helped in their successtul
determination from combined preparations and in climinating the interterence from

matrix components.

The absorbance value of the difference spectrum at 325.2 nm was considered over the
absorbance valuc at 270.6 nm for MDZ duc to a greater AA at former wavelength and
that of NA at 292.0 nm have been used for the determination of the drugs from their
mixtures. It was mainly assumed that the absorbancc contribution {rom other
component of drug mixturc was negligible, because of their cancellation of individual
absorbances at thesc wavelengths. (Figure 2.3). The proportionality of AA values to
concentration of drug solutions werc cxamined by measuring a serics of purc drug
(Table 2.1, Series A and C of Table 2.2) and mixture solutions (Table 2.1, Series B
and D of Table 2.2) at the above sclected wavelengths. The calculated regression
cquations based on the AA values (Table 2.1) of MDZ and NA solutions were
presented in Table 2.2. The spectra obtained for mixture solutions (Series B and D of
Table 2.2) were shown in Figures 2.4 and 2.5 respectively. The presence of distinct
isosbestic points at 292.0 nm (Figure 2.4), and at 325.2 and 270.6 nm (Figure 2.5)
suggested no interferences in the estimation of MDZ and NA. It was also proved that

absorbance values wcre proportional to their concentrations in mixtures.
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The mutual independence of the analytical signals of MDZ and NA at the above
sclected wavelengths was contirmed by a carcful mixture interaction study. It was
evident trom reported results (Figure 2.0) that the varying concentrations of NA
(3-40 g ml) solutions did not interfere up to 30 ug ml in the esimation of MDZ
(10 ug mh at 325.2 nm (Figure 2.0A). Similarly, the varying concentrations of MDZ
(5-33 ug mh did not interfere up to 25 pg mlin the estimation of NA (15 pg'ml) at
292.0 nm (Figure 2.0B). Hence. the carlier proposed concentration range for pure
drugs and mixtures were ideal and their accurate determinations can be achiceved at the

suggested concentration ratio (i.c. 10 pg ml for MDZ and 15 pg'ml for NA).

The statistical analvsis of the data obtained for pure drug solutions and their

vested that the small standard deviation values associated with the

-
-~

admixtures sug
determinations (Table 2.1) indicated the high level of precision of the proposed
method and the non-interference of one drug in the absorption measurement of other
drug. Further, the precision of the method was also cvident from the lesser values of
standard error and cocfficient of variation (also known as relative standard deviation,
RSD). The percentage ratio of the residuals indicated a random scatter in casc of both
the pure drug solutions and their admixtures (Table 2.1). The calculated F-values
(Feaie) of test for non-lincarity [97] were less than the critical value (Fep) at 5%
significance level (Table 2.1) and thus suggested that measured values did not deviate

significantly from the best-{it line.

The regression equations of the purc drug solutions and those of mixtures were similar
(Table 2.2). This similarity and the corrclation coefficient values for all four series of
solutions indicated the non-interference of one drug in the estimation of the other. A
onc-way ANOVA test [98] was performed based on the separate linear calibration
graph constructed with three replicates per point. The values considered were the
lowest and highest variation observed from the mean absorbance value of each pure

drug concentration during the replicate measurement of standard solutions (Table 2.1).
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It was evident from reported results that, the calculated F-values (F¢ o) were less than
that of critical value (Fo) at 5% significance level (Tables 2.3 and 2.4) and suggested
that calibration line presents homoscedasticity (standard residuals have a unitorm

Vvariance).

The reported slope values without intereept on the ordinate at 95° confidence limits
(98] suggested that the calibration lines of NA solutions did not deviate from the
origin as the above obtained values he within the confidence limits (Table 2.2). While,
the above reported slope values for MDZ solutions fail to meet the 95%, confidence
limits. However. the satisfactory confidence limits of slope were obtained at 99.8%, for
MDZ pure drug (Slope: 3.90E-02 to 4 17E-02) and for its mixture solutions at 99.5%

(Slope: 3.88E-02 to 4.16E-02).

IFurther. the calculated Student’s z-test (98] values (feaie) Were reported to be tar larger
than the critical value (f¢n) obtained at 5%o significance level suggesting the positive
correlation between AA values and its concentrations (Table 2.2). The precision of the
fit by regression cquations was also confirmed from the standard ecrror values of

intercept, slope and the cstimate [98].

The developed method was validated according to the procedures described in
U.S.P. 23 and the results obtained were shown in Table 2.5. The rcported limit of
detection (LOD) and limit of quantitation (LOQ) [1,97] were calculated based on the

slopc of regression equations obtained in Serics A and C of Table 2.2.

The percentage recoveries obtained from the pure drug admixtures and commercial
products were reported in Table 2.6. The results indicated a mean recovery of
100.04% and 99.69% for pure MDZ and NA respectively. Whereas the commercial

formulations showed a mean recovery value of 99.62 to 100.40% for MDZ and 99.00

to 99.70% for NA respectively. These values were conforming to the limits of
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U S P 23 B.P. 1993 and L.P.1996 for MDZ and NA in pure form and as well in its
tablets (Appendix B). The caleulated F-values (Feyi) of a onc-way ANOV'A test [98]
for hoth MDZ and NA were less than the critical value (Fen) at 3% level indicates no
significant difference between the mean recovery values of commercial preparations
and the pure admixtures (Table 2.0). Therefore. the non-interference from  the
formulation matrix in the assay of the drugs from commercial preparations was

established.

The drug solutions were protected from light throughout the study and the solutions
were stable for a period of 2 hrs in presence of 0.1M HCI and 0.1M NaOH. The
reported pK, values of MDZ and NA were 2.5 and 6.0 respectively [99]. Therefore,
the pH of 0.1M HCL (pH = 1.O) and that of 0.1M NaOH (pH = 13.0) were at least 1.5
pil units away from the pK, values of drugs. Therefore. small vanations in pH of the

solvents did not lead to appreciable changes in the absorbance values.

Thus the proposed method of determination of MDZ and NA was found to be accurate
and precise, and casicr compared to other reported mcthods [S0-82]. Therefore, the
rapidity of the proposed method makes it useful in routine analysis for the

simultancous estimation of thesc drugs from combined formulations.
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Figure 2.1 Absorption spectra of metronidazole (10 pg/mi) in (a) 0.1M HCL,
(h) 0.1M NaOH and (c) their difference spectra.
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Figure 2.2 Absorption spectra of nalidixic acid (15 pg/ml) in (a) 0.1M HCY
(b) 0.1M NaOIl and (c) their difference spectra.
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Table 2.1: Selectivity of the method for the simultancous determination of MDZ

and NA in standard solutions by difference spectrophotometry

Composition of Mean Coefficient  Standard  Ratio of F-test for

the solution absorbance * of error residual non-linearity
(g ml) value (AA) variation %)
(MDZ at 3282 nm., (o)

MDZ NA NA at 292.0 nan) Cale Crit?
5 0] 0.241 + 0.003 1.30 0.0009 99.46 0.42 386
10 0 ().430 < 0.003 0.80 0.0012 100.45 0.28
15 0 ).643 = 0.004 0.60 0.0012 100.12 0.28
20 0 ().847 = 0.005 .58 0.0013 99.72 0.17
25 0 1.047 = 0.004 0.42 0.0014 100.08 0.20
3 15 ().242 = 0.002 112 0.0008 99.93 1.22
10 15 0.441 = 0.003 0.80 0.0012 100.57 0.72
15 15 0.646 = 0.002 0.36 0.0023 99.72 1.67
20 15 ().849 = 0.003 0.33 0.0009 99.62 .10
25 15 1.045 £ 0.003 0.21 0.00006 100.25 1.85
0 5 0.068 + 0.001 2.38 0.0005 99.85 216 3.80
0 10 0.135 £0.003 2.13 0.0009 98.62 0.68
0 15 0.195 +0.002 1.25 0.0007 101.79 0.95
0 20 0.264 +0.004 1.60 0.0013 99.60 0.31
0 25 0.329 + 0.004 1.22 0.0012 99.84 0.35
10 5 0.068 = 0.002 2.47 0.0005 99.73 3.23
10 10 0.135 £0.003 2.28 0.0009 98.55 0.96
10 15 0.194 £ 0.002 1.03 0.0006 102.24 2.28
10 20 0.266 = 0.003 1.15 0.0009 99.20 0.96
10 25 0.329 £ 0.003 1.12 0.011 99.96 0.66

* . Average of ten determinations with standard deviation.
b . Theoretical value of F(3,9) at P = 0.05 level of significance.
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Table 2.2: Regression analysis for the determination

of MDZ and NA in standard solutions by difference spectrophotometry

Compos?tion of Regression equations a Corr. Standard error 93°, Confidence interval Slope Student £ -
Sample solutions coefl. without test for
(Hg/ml) (at 325.2 nm for MDZ intercept corrclation
at 292.0 nm for NA) Intercept Slope Estimate Intercept Slope . b
MDZ, NA (ale Crit
Series A 5-25 0 Y = 4.03E-02.N - 3.84E-02 0.9999 2 12E-03  128E-04 2 03E-03 Jol-02, 1991020 02 122
J.51E-02 J 07102 18
SeriesB  5-25 15 Y =4.03E-02.X + 4.09E-02 0.9999 2. 14E-03  1.90E-04  3.001:-03 3.09E-02, 19061:-02, 4. 14E-02 122
S.09 E-02 4.091:-02
Series C 0 5-25 Y = 1.30E-02.X + 2.55E-03 0.9998 2.49E-03  1.51E-04  2.38E-03  -539E-03, 1.25E-04, 1.31E-02 87
1.05E-02 1.35E-02
Series D 10 5-25 Y = 1.31E-02.X + 2.34E-03 0.9997 3.17E-03  1.91E-04 3.02E-03  -7.68E-03, 1.24E-02, 1.311--02 71
1.241:-02 1 37E-02

2. Based on five calibration values; X = Concentration of drug in pg/ml.

b . Theoretical value of ‘7’ at P = 0.05 level of significance with 3 d.f.
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Table 2.3: One-way ANOVA test for linearity of pure MDZ solutions

30

Source of Degrees of Sum of squares Mean sum of Feae | PR
variation freedom (SS) squares (MS)
Regression ] 1.2249 1.2249
0217 371
[.ack of 1t 3 272105 9.07E-06
Within hine 10 J.181-04 4.18E-05
Total 14 1.2253
Dat P =0.05 level of significance.
Table 2.4: One-way ANOVA test for linearity of pure NA solutions
Source of Degrees of Sum of squares Mean sum of Feae
variation freecdom (SS) squares (MS)
Regression 1 0.1285 0.1285
0.541 3.71
LLack of fit 3 3.69E-05 1.23E-05
Within line 10 2.27E-04 2.27E-05
Total 14 0.1288

*

:at P = 0.05 level of significance.



Table 2.5: Validation report for the determination of MDZ and NA
in standard solutions by difference spectrophotometry

Analyvtical
parameter

Results

MD7Z.
(325.2 nm)

NA
(292.0 nm)

Accuracy (o)

100.02 = 0.55

99.79 = .58

Precision (°a)

99.31
99.69
100.00
100.45
100.68
RSD: 0.55

98.97
99.48
100.00
100.00
100.51
RSD: 0.58

Specrficity A 10 pg/ml of MDZ and A 15 pg/mlof NA and
15 pg/ml of NA mixture 10 pg/ml of MDZ mixture
solution will show an solution will show an
absorbance value (AA) of | absorbance value (AA) of
0.441 £0.003 0.194 + 0.002
LOD (pg/ml) 0.15 0.55
LOQ (pg/ml) 0.51 1.83
Linearity (pg/ml) 5-35 5-35
Ruggedness (%) 100.02 £ 0.55 99.79 + 0.58
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Table 2.6: Results of the assay of pure drug admixtures and commercial formulations of
MDZ and NA by difference spectrophotometry

[.abel Claim Recovery (%) * F-test for Mean Recovery
Sample (mg/tab.)
’ _ MDZ. NA Cale Crit"
MDZ NA (325.2 nm) (292.0 nm) MD7Z. NA (MDZ./NA)
Pure drug - - 100.04 99.6Y
admixture =043 +0.38
1.47 1.06 3.24
Brand AN 20)0) 300 99.62 99.20
=048 +0.75
Brand AY 200 300 100.40 99.70
= 0.01 +0.90
Brand AZ 200 300 100.22 99.00
+0.85 +0.79
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a . - . .
|: Mean and standard deviation for five determinations.
) op - . [t
: Theoretical value of F(3,106) based on onc-way ANOVA testat P =0.05 level of significance.



2.4 SIMULTANEOUS QUANTITATIVE DETERMINATION OF
METRONIDAZOLE AND DILOXANIDE FUROATE IN
TABLETS BY DIFFERENCE SPECTROPHOTOMETRY

The combination of metronidazole (MDZ) and diloxanide fuorate (DF) as a tablet is
being widely used for acute and chronic amocbiasis and giardiasis. The official
monographs described ttrimetric [1}. potentiometric titration method [2.3] for MDZ
as pure drug and HPLC [1]. titrimetric [2.3] and ultraviolet mcthod [3] for its
determination from various available dosage forms as single preparation.  Similarly.
the official monographs described a potentiometric titration method [2.3] for DF as
purc drug and ultraviolet method [2.3] for its determination from its available solid
dosage forms. As mentioned 1n previous experiment, there arc various reported
methods for MDZ as a single preparation [23, 71-79] and in combination of other
drugs [62, 80-92]. In particular. the reports related to DF combination cmploved
spectrophotometric [83.84] and HPLC mecthods [85,860]. The literaturc reports for
individual assay of DF from its dosage forms include ultraviolet [26.100.101].
colorimetric [102,103] and GC [104] mcthods. This section of the thesis describes the
details of the successful design of a zero-order difference spectrophotometric method

for the estimation of thesc drugs from its pure admixturcs and in tablet preparations.

Materials and Reagents

Metronidazole and diloxanide furoate both were obtained as gift samples from
Rhone-Poulenc, India. Hydrochloric acid (Qualigens, India), sodium hydroxide

(Qualigens, India) and methanol (Qualigens, India) used were of analytical grade.

Standard Solutions |

The stock solutions of pure MDZ and DF were prepared by dissolving 25 mg of each
of the pure drug separately in 50 ml of methanol. Appropriate volume aliquots of
MDZ and DF were transferred separately into 10 mi volumetric flasks in duplicate.

The volumes were made up with 0.IM HCI and 0.1M NaOH to give a series of
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cquimolar solutions containing 5-25 wgml of MDZ (Table 2.7 and Scrics A in
Table 2.8) and 5-135 ug'ml DF (Table 2.7 and Series C in Table 2.8). Similarly. two
serics of equimolar solutions of mixtures of 10 ml MDZ and DF in 0.1M HC! and
0.1M NaOH were prepared using the stock solutions.  The first serics contained a
constant concentration of DF (12.5 ug ml) and a varying concentration of 3-25 pg'ml
of MDZ (Table 2.7 and Serics B in Table 2.8). While, the second series contained a
constant concentration of MDZ (10 pg ml) and a varying concentration of 5-15 pg'ml

of DF (Table 2.7 and Series D in Table 2.8).

Interaction Study

Two separate scries of mixture solutions of 10 ml cach of MDZ and DF in 0.1M HCI
and 0.1M NaOH were prepared from fresh stock solutions according to the procedures
mentioned above. The first scrics contained a constant concentration of DF
(125 pg'ml) and a varying concentration of MDZ (5-35 pg/ml). Similarly. the second

o

serics contained a constant concentration of MDZ (10 pg/ml) and a varying

concentration of DF (5-35 pg/ml).

Method Validation

a. Accuracy and Precision
Five separate solutions of MDZ (10 pg/ml) and DF (12.5 pg/ml) standard and test
samples were prepared with 0.1M HCI and 0.1M NaOH from freshly prepared
stock solutions according to the above mentioned proccdures.

b. Linearity
Scparate series of solutions of MDZ and DF containing 5-30 pg/ml of each pure
drug were prepared from the above stock solutions meant for method validation.

c. Specificity
Series of five mixture solutions of each containing MDZ (10 pg/ml) and DF
(12.5 pg/ml) were prepared from the above stock solutions meant for method

validation.
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Sample Preparations

Twenty tablets of cach brand (BX. BY and BZ) were accurately weighed. powdered
and a weight of powder cquivalent to 10 mg of MDZ (and 12.5 mg of DF) was
dissolved in methanol by thorough mixing and made up to volume in a 50 ml
volumetric flask. The samples were filtered through Whatman filter paper No.1. The
first and last 3 ml of the filtrate were discarded in cach instance. Appropriate volume
aliquots of cach filtrate were diluted with 0.1M HCI and 0.1M NaOH to obtain
cquimolar solutions containing approximately 10 pg ml of MDZ and 12.5 pg'ml of

DF.

Procedure

The normal absorbance as well as the absorbance difference (AA) of acidic and
cquimolar alkali solutions of pure drug and samples were measured in the range of
230-350 nm by placing the acidic solutions in the reference compartment and the
alkali solutions in the sample compartment. The absorbance difference of the analvtes
at 283.4 and 292.0 nm was corrected for the absorbance difference if any, between

0.1M NaOH solution and 0.1M HCl at these wavelengths.

Results and Discussion

The normal spectra of MDZ and DF in both acidic and alkaline solutions were shown
in Figures 2.7 and 2.8. It was clear from the recorded individual spectra in acidic
(Spectra “a” in Figures 2.7 and 2.8) and alkali solutions (Spectra “b™ in Figures 2.7
and 2.8) that the overlapping of pure drugs was more in acidic solutions than in alkali
solutions. However, the simultaneous estimation of drugs in presence of cither of the
above buffer solution could not be achieved with the earlier mentioned m.ethods [5-9]
due to significant absorption of one drug at or near the wavelength maximum of the
other drug and vice versa. Therefore, a zero-order difference spectrophotometeric
method was considered due to the spectral changes of pure drugs caused by the alkali
solutions. Although, the observed wavelength shift in case of DF solutions was not

significant but the recorded difference absorption siaectrum of MDZ and DF solutions
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have produced isoshestic points at 292.0 nm for MDZ (Figures 2.7 and 2.9), and at
2334 and 283.4 nm for DF (Figures 2.8 and 2.9). It can also be obscrved from
Figure 2.9 that the recorded mixture spectra of drug solutions showed an appreciable
AA at the 1sosbestic point of other drug. This fortuitous juxtaposition of the 1sosbestic
pomts facilitated the successtul determination from combined preparations and in

climmating the interterence from matrix components.

Thus for quantitative estimation. the absorbance values of the difference spectrum of
MDZ at 283.4 nm was considered over the absorbance value at 2534 nm duc to
areater absorbance difference at former wavelength. Whereas. the absorption value at
292.0 nm was considered for the determination of DF from the combined mixtures.
This sclection of wavelengths was done mainly duc to the absorbance contribution
from other component of drug mixture was considered to be negligible at these

1soshestic points (Figure 2.9).

The proportionality of AA valucs to concentration of drug solutions were determined
by mcasuring a scrics of pure drug (Table 2.7, Scries A and C of Table 2.8) and
mixture solutions (Table 2.7. Series B and D of Table 2.8) at the above sclected
wavelengths. The regression equations calculated with mecasured AA values of MDZ
and DF solutions were reported in Table 2.8. The spectra obtained from such mixture
solutions (Seriecs B and D of Table 2.8) were shown in Figures 2.10 and 2.11
respectively. The presence of distinct isosbestic points at 292.0 nm (Figure 2.10), and
at 253.4 and 283.4 nm (Figure 2.11) suggested that no interferences in the estimation
of MDZ and DF. It was also proved that absorbance values were proportional to their

concentrations in drug mixtures.

The mutual independence of the analytical signals of MDZ and DF at the selected

wavelengths was confirmed by a mixture interaction study. It was evident from

reported results (Figure 2.12) that the varying concentrations of DF up to 20 pg/ml did



not interfere in the estimation of MDZ (10 ngml) at 283.4 nm (Figure 2.12:).
Similarly. the varving concentrations of MDZ did not interfere up to 25 ng'ml in the
estimation of DF (12,5 ng mly at 292.0 nm (Figure 2.12B). Hence, the carlier proposed
concentration range for pure drugs and mixtures (Table 2.7) were ideal and their
accurate determinations can be achieved at the suggested concentration ratio

(i.e. 10 ug mlof MDZ and 12.5 ug ml of DF).

The reported statistical analysis of the data obtained for pure drug solutions and their
admixtures suggested that. the standard deviation values associated with the
determinations were small including the coefficient of variation and the standard error
(Table 2.7). Thus. it demonstrated the precision of the proposed method. The
percentage ratio of residuals indicated a random scatter of points in case of both pure
drug solutions and their admixtures (Table 2.7). However. the reported values of
F-test for non-lincarity [97] were found to be less than the critical value at

5% significance level suggested the lincarity over the concentration range.

The regression cquations of the pure drug solutions and those of mixtures were similar
(Table 2.8). The non-interference of one drug in the estimation of the other drug was
supported by the obtained corrclation cocfficient values for different series of drug
solutions (Table 2.8). A onc-way ANOVA test [98] was performed based on the
scparate linear calibration graph constructed with three replicates per point. These
values included the lowest and highest variation observed from the mean value of each
pure drug concentration during the replicatc measurements (Table 2.7). It was evident
from the reported results that the calculated F-values were less than that of critical
value at 5% significance level (Tables 2.9 and 2.10) suggested that calibration line

presents homoscedasticity.

The reported slope values for MDZ solutions with zero intercept on the ordinate fall

within the 95% confidence limits of slope and thus demonstrated that the obtained



calibration lines did not deviate tfrom the ongin. Whereas. the reported slope values of
DF solutions with zcro intercept on the ordinate fails to lie within the 95% confidence
limits. However. the satisfactory confidence limits of slope were identified at 99.9%
for pure drug (Slope: 9.06E-03 to 1.08E-02) and for mixture solutions at 99.8%
(Slope: 9.08E-03 to 1.08E-02). A Student’s -test for correlation at 5% significance
level showed that the calculated values were far larger than the critical value obtained
from Student ‘7 tables [98] and thus confirmed the existence of strong positive
correlation between measured values and concentrations of both drugs. The precision
of the fit by regression cquations was also confirmed from the standard error of

intercept, slope and the estimate.

The developed method was validated according to the procedures described in
U.S.P. 23 and the results obtained were shown in Table 2.11. The reported limit of
detection (LOD) and limit of quantitation (LOQ) [1.97] were calculated based on the
slope of regression cquations obtained in Series A and C of Table 2.8. The drug
solutions were protected from light throughout the study and the solutions were stable

for a period of 2 hrs in presence of 0.1M HCland 0.1M NaOH.

The percentage recovery valucs obtained from the pure drug admixturcs and from the
commercial products wcre reported in Table 2.12. The results indicated a mecan
recovery of 99.99% and 100.05% for MDZ and DF respectively.  Whereas. the
commercial formulations showed a mean recovery values of 99.85 to 99.92% for
MDZ and 99.91 to 100.09% for DF. These values were within the limits specified by
U.S.P. 23, B.P. 1993 and LP. 1996 for MD and DF as a single preparation
(Appendix B). The calculated F-values of one-way ANOVA test [98] for both MDZ
and DF were less than the critical value at 5% level indicates no significant differences
in the results achicved between the commercial preparations and the admixtures
(Table 2.12). Therefore, the non-interference from formulation matrix in the assay of

the drugs from commercial preparations was established.

38



39

Thus. the proposed method of determination for MDZ and DF was found to be
accurate and precise. The simplicity and rapidity of the proposed method over the
other reported methods [$3-86] makes 1t useful in routine analysis for their

simultancous determination from available commercial preparations.
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Table 2.7: Selectivity of the method for the simultancous determination of MDZ
and DF in standard solutions by difference spectrophotometry

Composition Mean Coefficient  Standard  Ratio of F-test for
of the solution absorbance ’ of error residual non-linearity
(ng'ml) value (AA) variation (%o)
{ MDZ at 283.4 nm. (®0)

MDZ DF DF at 202.0 am) Cale  Crit®
3 0 0.080 = 0.002 2.59 0.0006 103.49 1.55 3.80
10 0 0.157 = 0.001 1.08 0.0005 98.13 228
LS 0 ().228 = 0.003 1.42 0.0010 99.35 0.03
20 0 .297 + 0.001 0.37 0.0005 100.19 227
25 0 ().369 = 0.003 1.37 0.00106 100.28 0.26
5 125 0.079=0.002 2.52 0.0006 10343 347
10 12.5 0.156 = 0.003 217 0.0017 98.18 1.20
15 12.5 (.228 +0.003 1.34 0.0009 98.60 1.48
20 12.5 (.292 + 0.004 1.42 0.0013 101.35 0.80
25 12.5 (.368 = 0.003 0.88 0.0010 99.81 1.32
0 5.0 0.035 +0.001 2.31 0.0002 98.88 0.25 3.86
0 7.5 0.059 +0.001 1.71 0.0003 100.62 0.16
0 10.0 0.084 + 0.001 1.39 0.0003 100.43 0.12
0 12.5 0.110 £0.002 1.88 0.0006 99.74 0.03
0 15.0 0.134 £ 0.003 2.34 0.0009 99.95 0.01
10 5.0 (.035 +£0.001 2.02 0.0002 101.42 0.83
10 7.5 0.061 +0.001 2.37 0.0004 98.58 0.20
10 10.0 (.085 + 0.001 1.90 0.0005 100.49 0.10
10 12.5 0.110 £0.001 1.76 0.0006 99.79 0.11
10 15.0 0.135 +0.002 1.74 0.0007 100.13 0.07

" . Average of ten determinations with standard deviation.
b . Theoretical value of F(3.9) at P = 0.05 lcvel of significance.
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Table 2.8: Regression analysis for the determination of MDZ and DF in standard solutions by difference spectrophotometry

ComPosition of Regression equations 3 Corr. Standard crror 95%% Confidence Slope Student 7 -
Sample. solutions (ug/ml) coeff. interval without test for
(at 283.4 nm for MDZ intercept correlation
MDZ DF at 292.0 nm for DF) Intercept Slope Fstimate Intercept Slope . -
Calc Crit
Series A 5-25 0 Y = 1.43E-02.X + 1.10E-02 0.9998 2 72E-03  1.641-04 259E-03 0 2 STE-03, 1 ISE-02, 1 4061-02 N7
1 ON1:-03 1 48102 R

+J
~J
>
—
—~

-9

SL7TE-0R, 0 LASE-020 1dol-02 0l
2.311:-02 1.501--02

Series B 5-25 12.5 Y = 1.43E-02.X + 1.07[:-02 0.9996 391L-03  2.36kE-04

Series C 0 5-15 Y =9.98E-03.X - 1.51E-02 0.9999  S.53F-04  5.22E-05  4.121-04  -1.69E-02,  982E-03, 9.12E-03 122
-1.34E-02 1.01E-02
Series D 10 5-15 Y =9.92E-03.X - 1.37E-02 0.9999  §.74E-04  8.24E-05  6.53L-04  -1.65E-02, 9.661:-03, 9 T4E-03 122

-1.091:-04 1.02E-02

3. Based on five calibration values; X = Concentration of drug in pg/ml.
b . Theoretical value of ‘¢ at P =0.05 level of significance with 3 d.f.



Table 2.9: One-way ANOV A test for linearity of pure MDZ solutions

48

Source of Degrees of Sum of squares Mean sum of Feaie Ferin*
variation freedom (SS) squares (MS)
Regression l 0.1562 0.1562
0.964 371
[ack of fit 3 6.511:-03 2.17E-05
Within hine 10 2.25E-04 2.25E-05
Total 14 0.1565
pat P = 0.03 level of significance.
Table 2.10: One-way ANOVA test for linearity of pure DF solutions
Source of Degrees of Sum of squares Mean sum of Feae Feric®
variation freedom (SS) squares (MS)
chrcssjon 1 0.0186 0.0186
0.109 3.71
[Lack of fit 3 2.26E-00 7.55E-07
Within line 10 6.91E-05 6.91E-06
Total 14 0.0187

*

- at P = 0.05 level of significance.



Table 2.11: Validation report for the determination of MDZ and DF
in standard solutions by difference spectrophotometry

Analytical
parameter

Results

MDZ
(283.4 nm)

DF
(292.0 nm)

Accuracy (o)

100.44 = 0.91

100.12 £ 0.53

Precision (o)

99.50
100.00
100.00
100.90
101.80

RSD: 0.91

99.62
99.62
100.25
100.25
100.88
RSD: 0.53

Specificity

A 10 pg/'ml of MDZ and
12.5 pg/ml DF mixture
solution will show an

absorbance value (AA) of
0.156 £0.0034

A 12.5 pg/ml of DF and
10 pg/ml MDZ mixture
solution will show an

absorbance value (AA) of
0.110+0.0019

L.OD (pg/ml) 0.54 0.12

LOQ (pg/ml) 1.81 041
Linearity (pg/ml) 5-30 5.30
Ruggedness (%) 100.44 £ 0.91 100.12 £ 0.53




Table 2.12: Results of the assay of pure drug admixtures and commercial formulations of
MDZ and DF by difference spectrophotometry

Label Claim Recovery (%) * F-test for Mean Recovery
Sample (mg/tab.) :
D , MDZ DF Cale Crit
MD7 DF (283.4 nm) (292.0 nm) MDZ, DF (MDZ / DF)
Pure drug - - 99.99 100.05
admixture +0.03 +0.98
0.09 2.88 3.24
Brand BX 200 250 99.85 99.91
+0.55 +0.69
Brand BY 200 250 99.85 98.96
+0.48 +0.21
Brand BZ 400 500 99.92 100.09
+0.30 +0.69

. Mean and standard deviation for five determinations.
b Theoretical value of F(3,16) based on one-way ANOVA testat P =0.05 level of significance.
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3. DERIVATIVE SPECTROSCOPY

3.1 Introduction

As mentioned in the introduction of difference spectroscopy the variable and
non-specific spectral interferences have been treated by number of mathematical
cquations and graphical techniques. ranging from very simple to tedious and lengthy
procedures according to the shape of irrelevant absorption spectrum. An irrelevant
absorption in a spectrophotometric measurcment always involves an observed
distortion 1n the absorption curve due to the differences in absorbing impurity between
batches and from general contamination during the drug manufacture. Therefore, the
attention should be dirccted to mathematical methods of characterising absorption

curves to eliminate the effects of all irrclevant absorption.

The conventional methods like simultancous equations [0.7]. absorbancy ratio [8,9]
and graphical or lincar plot [13] for resolving binary mixtures cannot be used because
of their inherent limitations in climinating such background interference. These
methods demands certain preconditions like mixture peaks should be well separated
(6.7}, the superimposed spectra of two substances should show an isoabsorptive point
[8,9] and the adhcrence to Beer’s Law and additivity of absorbance [13]. The
Mortan-Stubb’s correction procedure [5] for irrelevant absorption uses only three
points on absorption curve and assumes that such interference is lincar over the range
of wavelengths selected. It has been reported that irrelevant absorption is a quadratic
function of wavelength [105]. Later on, a method based on orthogonal functions was
proposed by Glenn [10] on the assumption that such irrelevant absorption curve can
have a similar or different shape compared to the absorption curve of the substance
being examined. Abdine et al [11], who investigated the applicability of above method
[10] to spectrophotometric analysis of drugs in tablets acknowledged that great care
must be taken in the choice of assay parameters like the selection of proper
polynomial, number of points, wavelength range and intervals to discount the

irrelevant absorption.
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Although. difference spectrophotometry is supposed to take carc of interference from
formulation matrix. but it may not be uscful when the interferants change their spectral
pattern under the conditions used for the recording of the difference spectra (such as
change of pH). It is reported that the presence of excipients in large quantities such as
lactose. dibasic calcium phosphate in the final dilution may sometimes lead to
interference in difference spectrophotometry duc to their different spectral shapes in
acidic and basic solutions [106]. This would have been cancelled automatically in the
conventional method. The irrelevant absorption from various tablet excipients like
lactose, starch, gelatin, talc and magnesium stearatc in acidic solutions were studied in
the ultraviolet region [11] and were found to be minimal except for lactose.  Hence
under these circumstances this technique cannot be used with accuracy and precision.
However, such interference from matrix components can be avoided by a prior

extraction of drug substances into a suitable solvent before their final dilution.

The requirements of a suitable analytical method arc many. but certainly selectivity
must be counted as the most important. The widely used measurement techniques by
analytical chemists lack such inherent sclectivity to allow straightforward application
to highly complex matcrials. The scparation procedures involving techniques such as
chromatography etc. arc uscful and indced cssential for such cases. But for the
reasons of simplicity. speed and cost, a direct approach will be desirable. Thus. there
has always been interest in techniques that can improve the selectivity of measurcment
by other ways. The derivative spectrophotometry, is one such conceptually simple

technique among those methods [15].

Derivative spectrophotometry offers a convenient solution to a number of well defined
analytical problems such as resolution of multi-component systems, climination of
interference from sample turbidity, matrix background and enhancement of speciral
details [15,107-117]. Although, it was introduced more than forty years ago [118-121]
but it has been accepted only hesitantly because of the initial lack of reasonably priced

instrumentation and original limitation to the second derivative [118-120]. However,
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in recent years, the introduction of ¢lectronic differentiation by a computer interfaced
with the spectrophotometer leads to the instant generation of derivative spectra with an

-~

increased sensitivity and precision.

In general, the differentiation of a curve or of its mathematical function is simply an
estimation of the slope over the whole region. In the same way, 1t is possible to
differentiate a spectrum after the curve is fitted with numeric algorithms. In derivative
technique the absorbance (A) of a sample is differentiated with respect to wavelength
(7.) to generate the first, second or higher order derivatives. For quantitative analysis,
if Beer's law is obeyved for the normal spectrum (i.c. A = gbe).

Then the equation [122] can be shown as

where A : absorbance
£ : molar absorptivity (It / mol. cm)
. cell path Iength (cm)
¢ : concentration of the analvte (mol./ It)

A similar type of equation for sccond-derivative spectrophotometry was reported in
B.P. 1993 and I.P. 1996. An absorption band, also called an analytical band. can be
more accurately described by approximation formulas. Gaussian functions are well

suited for describing UV-VIS bands [123,124]. Then, the absorbance A of the band at

wavclength A is given by

Oy
A;. = Anax € o
Where A, : absorbance at wavelength maximum (A, )
C : constant
X: ()\. - 7\-max )
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Differentiating the above cquation with respect to x Icads to the following expressions

dA,

....... = d' = 2)Cx LA

ds.

d°A.

....... = dm = 20020x -1). A

dr.

d'::\y ‘ . .

....... —dt = (DO (20X -3) LA
d.

dJ:\; . . ,
....... = dt = 4O Cx- 1207+ 3) AL
dr’

The value of constant C can be obtained by the half width of band using the following
two cquations.

41In2
Cirwing = mmmmmmmmeeees
FWHM
2
C G = eee=- ; ———
52

where FWHM = full width at half maximum amplitude

s = width of the band betwcen the points of inflection.

The results of the differentiation of simple analytical bands are represented graphically

in Figure 3.1. It is to be noted from figures that
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I The maximum of fundamental curve in odd-order derivative corresponds to a
passage through zero and in even-order derivatives it corresponds to an
extremum value of either a minimum or maximum. In other words. the basic
maximum alwayvs produccs a positive extremum in 4" 8™ and 4n" derivative
and a negative extremum (minimum) in 2™ 6™ and (4n- 2)" derivative (where
n=1.2.3.....inboth cascs).

1. Inflections on the fundamental curve lead to odd-order extrema and to passages
through zero in even-order derivatives.

1. With increasing order of the derivatives, the number of extrema excceds that of
the fundamental curve because cach inflection gives an additional extremum
by differentiation. In the n™ derivative one maximum produces n + 1 extrema.

v, With increasing derivative order, the sharpness of the bands increases and o, as

well as FWHM. becomes smaller.

The actual position at which a derivative curve will pass through axis or clsc generate

a maxima or minima was suggested by Morrey [125].

In practice. the differentiation discriminates against broad bands. emphasizing sharper

features to an extent that incrcases with incrcasing derivative order. For Gaussian
. . . th ) .

bands, the amplitude D of the n™ derivative is related to the n™ power of the inverse of

bandwidth of the normal spectrum [126] as

An inconvenience of the derivative technique is that the signal to noise ratio (SNR)
becomes worse for progressively higher orders. The SNR of derivative signals
depends on the shape of the spectrum and has been evaluated for different bands
[127]. In Gaussian bands, if we consider an SNR of 1 in the normal spectrum, the

SNR is given by 2.02/M, 3.26/M?, 8.10/M" and 17.8/M* for first, second, third and
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Figure 3.1  Differentiation of Computed Gaussian analytical bands:
a) Fundamental curve and first-to fourth-order derivatives;
b) Fundamental curve and first-to fourth-order derivatives
of two superposed Gaussian bands.



fourth derivative respectively where M is the number of points in peak full width at

half maximum (FWHM).

In general. the differentiation of signals can never result in more information than is

present in the original bands. but it is possible to bring desired information to the fore
.. . . h .

and to climinate unwanted background by assuming a polynomial of n" power is zero

after (n - 1) differenuating steps [4] like

U = art bz ez +dz+e
U = Jaz’ + 3bz" +2cz+d
u" = 12az" + 6bz + 2¢

u" o 24az + 6b

ut o= 24a

vt = 0

. : : 0 : vative ox : -
Extending these polynomials U™ to U" to the carlier derivative cxpressions for

analytical band.

DO = d() " U()
DI = d'+U'
Dn - dl\ + Un
[f U" is zero then
Dn = d"

Thus, differentiation can considerably improve the detection sensitivity of masked
weaker bands by climinating disturbing background absorption (e.g. in turbid

solutions or opaque samples) [4].
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The derivative curves generated from a normal spectrum are evaluated in many ways

for quantitative purposes. These methods (also known as graphical methods) include

i.  Pcak-peak method (Figure 3.2a)
ii.  Pcak-peak ratio method (Figure 3.2a)
iil. Peak-tangent method (Figure 3.2b)

iv. Peak-zero method (Figure 3.2¢ and d)

The peak-peak (PP) method is most commonly used in quantitative multi-component
analvsis [15] to cstimate concentrations of known substances. In derivatives of
absorption curves the distance from a maximum to a minimum is generally directly
proportional to the concentration of the substances. This method can be applied
satisfactorily to the curves processed in even-order derivatives, as the pcak positions

arc proportional to concentrations.

The peak-peak ratio (PPR) method is based on the ratios between pairs of ncighboring
peaks (Py/ P, in Figure 3.2a). The ratio of the heights Py and P> will be constant as
long as the ratio of components do not vary, even though the absolute concentrations
arc different and also modificd cither due to mixturc components or background
interference in pure solutions. Since the ratio obtained is a characteristic quantity of a
substance it enables the analyst to estimate the varying concentrations of a substance
by keeping the other components as constant. It is useful when searching for small

differences in complicated derivative spectra [15].

In the peak-tangent (PT) method a common tangent is drawn to two neighbouring
maxima or minima and the distance to the intermediate extremum value is measured
parallel to the ordinate (i;, ta, t3 in Figure 3.2b). This method can be applied
satisfactorily if a linear background is present [128] but most of the time it is better to

check whether a higher order can give better results.
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The peak-zero (PZ) method of evaluation is the most widely used in quantitative
analysis. The vertical distance Z from the zcro line is measured (Figure 3.2¢). which is
proportional to the absolute value of the derivative [110] and also known as
peak-bascline (PB) method. It is suitable for derivatives which have nearly
symmetrical signals with respect to the abscissa and if individual curves overlap in a
manner where by onc of the signals passes through zero at the maximum of other drug
(Figure 3.2d). This later technique is popularly known as zero-crossing point (ZCP)

mcthod [110].

Though. the zero-crossing derivative is a more rapid. simple for the assay ol
two-component mixtures and ideal in terms of climinating systematic errors. but it
suffers from sensitivity to small changes in the position of the interfering band
compared to other discusscd methods [110] in situations where the ideal zero-crossing
point will be absent for quantitation. In such cases. a non-mathematical method
known as compensation technique was proposed [128.129] for the detection and
climination of unwanted absorption during spectrophotometric analysis. The irrelevant
absorption curve is assumcd to possess the simplest shape and none of the

characteristics of purc compound.

In two-component analysis, the compensation method involves a comparison of
several difference spectra [mixture (m) - reference (r)] using different concentrations
of a reference solutions where m = C + Cy, and C and C, are concentrations of pure
drug X and Y. If C, for compound X is introduced in to reference cell. the absorption
characteristics of the mixture gradually approach that of compound Y as C, increases
and finally coincides with the absorption curve of compound Y at the balance point,

for which C, = C,. By analogy, Cy can be found by repeating the same sieps using C,

“for compound Y in the reference cell.

However, in two-component analysis if the two absorption curves of the analyte

compounds (X and Y) are greatly overlapping or in the analysis of a minor component
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Different methods of evaluation of derivative spectra.
a) Peak-peak method; b) Peak-tangent method:
¢) Peak-bascline method and d) Zero-crossing point
method.



in the presence of a major component. evaluation of balance point will be difficult and
crroncous results are expected. The accuracy of the method depends on the evaluation
of the balance point. Thercfore. in order to climinate the personal bias in the detection
of balance point during two-component analysis, the ratios of derivative measurements
were to be considered as purity indices during spectrophotometric analysis [129].
Thus. the concentrations at which the ratios will be identical are called as the balance
point. A graphical method was also suggested by same authors for above such
situations on the basis of ratios in identifying the balance point [129] and thus, the

technique is known as ratio-compensation (RC) method.

In some cases. where the zero-crossing technique is not preferred 1n two-component
analvsis due to loss of sensiivity. a ratio-spectra (RS) mcthod was used [18,19,
130-133]. Where. the spectrum of one drug standard solution will be divided.
wavelength by wavelength with a constant concentration of other drug solution as
divisor and the ratio-spectra thus obtained are then differentiated with respect to
wavelength. The derivative values corresponding to maximum Or minimum were

considered for the estimation of pure drug and the estimation of other drug was done

by analogous procedure.

There were also few special methods available for evaluation of derivative spectra like
additive and subtractive [4], multiplicative [4], log A derivative [4], differentiation-
integration [4], extended peak-peak Ratio [15], half-wave graphical illustration [125]
and side-peak-side ratio [134]. However, they are of little value in routine quantitative

analysis.

There are numerous methods for gencrating derivatives of electric signals. The various
methods used earlier were graphical methods [4] electro-mechanical systems [15],
modulation systems [15], subtraction of delayed spectra [15] and dual-wavelength
spectrophotometry [135-137]. The principal disadvantage of above methods is that

the higher derivatives cannot be obtained directly. The analog differential methods
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[13] were successful in overcoming the carlier limitations and also has advantage like
the higher derivatives can be obtained relatively in simple manner. However, the
resolution of the derivative spectra depends not only on shit width but also to a large
extent on the rate of wavelength scan and on differentiation time constant. The

position of extrema will shift with change in scan speed.

In the recent vears. the digital differentiation mcthods [15] dominated over analog
methods owing to the evolution of computers and because of the trend to digitalisc the
data. Here. the output signal of the spectrophotometer 1s fed to an analog-digital
converter (AD converter) and the signals at cach given wavelength are accumulated.
The accumulated numerical data will be processed with the help of different
algorithms [4] for digital differentiation. The Savitzky-Golay (SG) polynomial [138] is
probably the most frequently used digital algorithm for gencrating derivatives of
spectra and other curves produced by various signal sources. It 1s bascd on moving
average computations where the best mean square fit of a sct of (2m+1) consecutive
values  (m is number of cquidistant ordinatc valucs) arc used for the polvnomial of
degree “n™ and then numerically differentiated. The greatest advantage of digital
method is that scan speed docs not shift the position of the extrema, but the absolute
values of the computed derivative data arc small. Therefore, these must be multiplied
by a factor of hundred or more to obtain useful signal heights but also with enhanced

noisc.

Thus, the digital differentiation process has created a great impact on
spectrophotometric method of analysis in the last ten years. The derivative
spectrophotometry represents an casy approach to the problem of resolving spectral
overlap in pharmaceutical analysis. It has been successfully used for the analysis of
pharmaceutical dosage forms and moreover, for the determination of several drugs

alone or in combination by eliminating matrix interferences [114).
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The review of reported literature shows that a large number of drug products cither
alone or in combination of other drugs were cstimated using this technique. But, the
number of single drug preparations [79.132.139-156] thus estimated were less

compared to the two-component systems.

Thus the reported combined drug preparations represent different categories of drugs.
Which arc mainly analgesics & ant-inflammatory [157-169]. antibiotics [133.
170-182]. sulfonamides [129-131,183-190], antidiarrhoeals [191,192], antifungals
[193-195]. antihistamines [196-204], antihvpertensives/diurctics  [129.205-215].
antipsychotics [129. 216-226]. steroids [227-230], vitamins [231-235] and others
[236-240]. The above reports suggest that the drug estimation from various dosage
forms like suppositorics [139,1060]. suspcnsions [144]. ophthalmic solutions
[145.150,153], ointments [154]. injections [168.173,229] and aerosols {199] was also

made possible with this technique apart from popular solid dosage forms.

The basis for quantitative determination involves mostly the principles of
zero-crossing  technique  but also other techniques like ratio-spectra [130-133,
174,209,231,238], ratio-compensation [129], pcak-baseline [129,139,141,190] and
peak-peak ratio [129,142,172,198,213] were employed in their dctermination from
various dosage forms. The review also suggested that derivative spectrophotometric

technique can also be extended for resolving three [133,178,195,197,231] or more

[232,233] components of drug mixtures.

There are also useful reports for identification and quantitation of drugs in presence of
their related impurities [241-245], degradation products [246-251] and from the
biological samples [252-255]. This particular UV-VIS derivative technique was also
recommended for the study of other related topics of ]Sharmaceutical interest like
determination of dissolution rate [256,257], stability and degradation Kinetics
[257-259], determination of partition coefficient [260], biological absorption of drugs

[261,262], drug-protein binding [263], molecular interactions of drugs [264] and
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nfluence of colours used in pharmaccutical products [265]. The derivative technique
has found application not only in UV-VIS spectrophotometry but also in other
spectroscopic techniques like infrared [107]. atomic absorption [266]. flame emission
[207] and also i spectrofluorimetry  [141.268-284). Clearly. the derivative
spectrofluorimetry alone [141.268-282] or combined with synchronous scanning
[273.283.284] has helped in resolving the overlapping of those mixtures which could
not be achieved by UV methods especially in dealing with few formulations
[141.268-275]). impuritics [276.277] and biological samples [278-284] have been

reported. The summary of this literature review was presented in Appendix C.

The other major fields of non spectroscopic application of the derivative technique are
i different chromatographic separation methods like thin layer [134.285]. high
performance [286-289]. gas [290] and other methods like polarography (291-293] and
thermography [294]. This technique has been used mainly to improve the separation
of unsatisfactory peaks, to identify the collected fractions and to resolve the fine

structures in polarograms and thermograms.

The applications of derivative spectrophotometry were also found to be significant in
other areas like biochemical, environmental and forensic analysis [4] etc. The theory
and practical applications of this techniques in various areas have been reviewed by

many authors in the past [15,107-117].

The inception of computers in the analytical laboratory has fostered the development
of newer chemometric methods for the analysis of pharmaceutical preparations
yiclding highly overlapped peaks. By using a multiple linear regression procedure
thesec methods determine the concentration that best ﬁts an over-dimensional equation
system. This is in turn established by measuring the absorbance of a given sample at a
larger number of wavelengths than that of analytes to be determined. These methods

include principal component regression (PCR) [16,17], simplex [17], partial least
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square (PLS) [17.18]. multiple lincar regression analysis (MLRA) [17.19.20] and

multi-component analysis (MA) [17.18.20].

Recently. there are many reports available with successful application of these
methods for resolving multiple components of a drug mixture from their derivative
curves. These methods include PCR [16]. MLRA  [165.209.221.233] and
MA [183.185.197.200.208].

Though. these methods need specific software but they are much more expeditious and
can be applied to a large number of analytes in the sample. In addition. the method
like partial least squares (PLS) does not require a prior knowledge of pure spectra of
all the components in the mixture and takes account of interactions in the calibration

matrix as well [106].

It is to be noted that chemometrics unlike other simple methods 1s only usctul, where
information is not obvious at first sight and can be obtained from the data. Hence, if
the method is improperly used. it can lead to different conclusions than the expected.
Therefore, a great deal of understanding of the nature of the problem and the questions
0 be asked is essential prior to using chcmometric methods [295]. But, also the
validation of a chemometric method often needs more work than validation of an
univariant method [296] and thus, it lacks wide acceptability in routine analysis. On

the other hand, graphical methods are much casier to implement and saves time and

Cost.

Based on the above mentioned reasons, a simple derivative spectrophotometric

method was used as a tool for the development of new analytical methods.



3.2 Design of the experiment

The basic experimental approach adopted for the work carried out using derivative
technique was same. The various formulations used for the method development
include either a two-component mixture or a three-component mixture available in

tablet or in capsule form.

All the selected drug combinations could not be estimated through difference
spectrophotometry. This was mainly duce to the incompatibility (c.g. lack of solubility
or stability) of either one or all drugs in combination in any of the standard acid or
alkaline buffer to induce changes in spectral difference and also duc to lack of
significant changes in the difference spectrum cven though they are compatible in

sclected buffer systems. Henee, a derivative spectrophotometric method was preferred.

All the reported work in this section was carried oul using JASCO model 7800
UV-VIS spectrophotometer with 1 ecm quartz cells. A scan speed of 480 nm/min and a
bandwidth of 3 nm were maintained. Ordinate maximum and minimum were adjusted
according to the amplitudes of mcasurcd values. The instrument was calibrated
(including for derivative spectra) before development of cach method according to the
procedures described in official monographs [2,3] and also to methods suggested by

Talsky [4]. The results obtained were reported in Appendix A.

The stepwise experimental approach is:

a. Preparation of standard solution of the pure drugs at an appropriate concentration
range to obtain the desired formulation ratio.

b. Selection of appropriate derivative order based on ideal point’s sclection to
generate a derivative spectrum by Savitzky-Golay algorithm [138] and also to
check the requircment of any smoothing process of derivative curves.

c. Examining the linear proportionality of absorbance values with different

concentrations of drug solutions at the possible wavelengths of estimation.
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d. Preparation of different series of the solutions from the respective stock solutions
of pure drugs for the construction of the calibration curve. The scries of solutions
were always prepared as a representative of both pure drugs and mixtures. The
comparison of the regression cquations between pure drug solutions with that of
the mixture was done to cstablish the selectivity of chosen wavelength for the

determination.

.

To establish an ideal concentration range for drugs in combination and to study
possible interferences, if any. between mixture components, an interaction study
with mixture solutions was carried out at the identified wavelengths in step “c™.
This range was also required to fulfill the compliance of Beer's law and 1o meet
the proportion of drugs in commercial formulations, which ought to be estimated
by the method.

f. Validation of the developed method according to the procedures described in

U.S.P. 23.

Application of the developed method to commercial preparation(s) for the

as

suitability in routinc analysis.

h. Finallv. the statistical analysis of data obtained for standard solutions and the
commercial preparations of cach combination was done and the obtained details
were discussed under the respective experimental scction.  The  various

mathematical expressions used for the statistical treatment of data were presented

n Appendix D.

As discussed in introduction to the technique, a zero-crossing point of one drug has
always been chosen as the wavelength for the estimation of the other and vice versa.
But in few instances, the lack of a suitable zero-crossing point (for diloxanide furoate
in combination of tinidazole and furazolidone), the lack of appreciable absorption at
the zero-crossing wavelengths (for trihexyphenidyl HCl in combination of
haloperidol), the closeness or identical zero-crossing points for the combined drugs
(in case of metoprolol and hydrochlorothiazide) have compelled to change the method

of estimation to either ratio-compensation or peak-baseline for their estimation.

67



In addition, wherever possible. the estimations were carried out at all available or ideal
zero-crossing points (ZCP) and were compared among themsclves and also with other
preferred methods like ratio-compensation (RC) and peak-baseline (PB) method to

study the selectivity within and between the methods.
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3.3 SIMULTANEOUS DETERMINATION OF TINIDAZOLE AND
FURAZOLIDONE IN TABLET PREPARATIONS BY FIRST-
AND SECOND-DERIVATIVE SPECTROPHOTOMETRY

The combination of tinidazole (TD) and furazolidone (FD) in the form of tablet
preparations is widely used for diarrhoca. amocbiasis and giardiasis. The 1.P. 1996
described a titrimetric and ultraviolet method for the individual assay of TD as pure
drug and from its tablet preparations respectively. While, the U.S.P. 23 and 1.P. 1996
suggest an ultraviolet method for determination of FD as a pure drug and as well from
its formulations. But B.P. 1993 prescribed ultraviolet method only for the pure drug.
There are also reports available for the individual assay of TD by colorimetric
[297-299]. polarographic [300]. ultraviolet {301.302] and HPTLC mecthod [303.304]
and for the individual assay of FD by ultraviolet [23]. polarographic [305],
colorimetric [306] and TLC mecthod [307]. There arc also few reports available for
assay of TD [60.61,191,308-320] and FD [62, 321-323] in respective combination of
other drugs and also combined together from its dosage forms [308-310]). The
combined reports of thesc two drugs employed polarographic [308], HPLC [309],
HPTLC [309] and multi-component analysis (MA) methods [310] for their
determination. The objective of this work was to demonstratc two derivative

spectrophotometric methods for the simultancous determination of these drugs without

prior separation from the combined preparations.

Materials and Reagents

Tinidazole (Gufic Ltd., India) and furazolidone (Rhone Poulnec, India) were obtained
as gift samples. Dimethyl formamide (DMF; Qualigens, India) of analytical grade

was used.
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Standard Solutions

The stock solutions of TD and FD were prepared by dissolving 5 mg of each pure drug
in 10 and 25 ml of DMF. respectively. Appropriate amounts of the stock solutions
were transferred separately into 10 ml of volume flasks. The volumes were made up
with DMF to give a serics of solutions containing 10-20 pg/ml of TD and 3-7 pe'ml of
FD. respectively. A three series of 10 ml mixtures of TD and FD in DMF were also
prepared from the stock solutions. The first series contained a constant concentration
of FD (5 pg ml) and a varving concentration of TD (10-20 pg/ml). Similarly, the
sccond scries contained a constant concentration of TD (15 peg/ml) and a varying

concentration of FD (3-7 pg/ml). The final series contained a constant concentration

of TD (15 pg'ml) and FD (5 pg'ml).

Interaction Study

Two scparate serics of mixture solutions were prepared from fresh stock solutions
according to the procedurc mentioned above. The first serics contained a constant
concentration of TD (15 pg/ml) and a varying concentration of FD (2.5-20 rg/ml).
While, the sccond series contained a constant concentration of FD (5 pg/ml) and a

varying concentration of TD (5- 40 pg/ml).

Method Validation
a. Accuracy and Precision
Five separate TD (15 pg/ml) and FD (5 pg/ml) standard and test samples were

prepared from fresh stock solutions according to above mentioned procedures.

b. Linearity

Separate series of solutions of TD and FD of each containing 5-30 png/ml and
2-20 pg/ml respectively were prepared from the stock solution meant for method

validation.

70



c. Specificity
Scrics of five mixture solutions of cach containing TD (15 pg ml) and FD (5 pg'ml)

were prepared from the stock solutions meant for method validation.

Sample Preparation

Twenty tablets of TD in combination with FD (Brand CX) were accurately weighed.
well powdered and a weight of the powder cquivalent to 15 mg of TD (and 5 mg of
FD) was dissolved in DMF by thorough mixing and made up to volume in a 50 ml
volumetric flask. The sample was filtered through Whatman filter paper No.l. The
first and last 5 ml of the filtrate were discarded.  Appropriate volume aliquots of

filtrate were diluted with DMF to obtain samples having a concentration of 15 pg/ml

of TD and 5 ng'/ml of FD.

Procedure

Zero-crossing point (ZCP) method

The absorbances of sample and standard solutions of TD and FD werc recorded from
275-400 nm against a blank solution. The first-derivative absorption spectra for each
sct of solutions were subscquently recorded using the Savitzky-Golay parameter [138]
of A = 10 points (A represents the width of the boundary over which the derivative is

calculated) and no smoothing was necessary. The solutions were measured at the

zero-crossing wavelengths of the other drug.

Ratio-compensation (RC) method

The sample cell contained the mixture of 15 pg/ml of TD and 5 pg/ml of FD and the
reference cell contained a scries of standard solutions (TD/FD) with different
concentrations. The first- and second-derivative spectra were recorded from
275-400 nm using A = 10 and 30 points [138] respectively in each instance. Similarly,
the first- and second-denivative spectra of pure drug solutions were also recorded

against a blank solution. Different ratios, such as wavelength maxima to wavelength
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minima or vice versa (as mentioned in Tables 3.2 and 3.3) for the pure drugs and the
mixture were calculated. At the exact balance point the concentration of one of the
analyte components of a mixture become equals to that of the reference solution and
therefore the calculated ratios at such point should be equal to that of pure drug other
than n the reference cell. The procedure was repeated to obtain the second analyte

concentration from the sample and standard mixture.

Results and Discussion

The zero-order spectra of pure drug combinations were found to be overlapping
(Figure 3.3). The traditional Vicrordt method [5] involves the use of two simultancous
cquations was attempted. but the results were not satisfactory due to significant
contribution of absorbance from other components of the drug mixture. The other
procedures [6-13] for the simultancous analysis of mixtures could not be selected,
because many of them require special attention in selecting the assay parameters. The
previously adopted pH-induced differential spectrophotometeric method could not be
applied due to lack of compatibility of FD in presence of such buffer systems. For
these reasons, it was more convenient and simple to resolve the problem of closely

overlapping spectra by making use of the first- and second-derivative spectra of the

mixture (Figures 3.4 and 3.5).

In general, the common methods of evaluation of a derivative spectra for quantitative
purposes include the graphical measurements like peak-peak (PP) [15] and
pecak-baseline (PB)[15] and zero-crossing measurements [110]. However, the success
of a measurement dcpends on its sum of systematic and random errors. As mentioned
carlier [110], the zero-crossing method would be ideal in terms of systematic error. but
was more sensitive compared with graphical measurements, to small drifts of the band
of the other component. In this instance, the poor resolution of both first- and
second-derivative spectra (i.e. absence of separated peaks) of TD and ED prevent the

correct use of graphical measurements and these methods fail in terms of systematic

72



crrors. unlike zero-crossing methods. For these reasons. the zero-crossing method was
comparcd with a ratio-compensation (RC) method [128.129] described carlier in the

introduction of this chapter, to avoid the influence of such errors in the measurement.

The recorded first- and sccond-derivative spectra of TD and FD were shown in
Figures 3.4 and 3.5. In the first-derivative mode, the zero-crossing point (ZCP) of TD
was observed at 321.0 nm and the ZCP's of FD were found at 307.2 and 372.0 nm
respectively. In case of sccond-derivative, the ZCP’s of TD were occurred at 299.4
and 343.2 nm. and for FD at 287.0 and 340.0 nm. The ZCP’s of first-derivative were
distinctly separated over the sccond-derivative points and thus sclected for the
estimation of pure drugs from their mixtures. The first derivative ZCP’s considered
for their determination were at 321.0 nm for FD (i.c. ZCP of TD) and at 307.2 and
372.0 nm for TD (i.c. ZCP of FD). Hence, the measurements made at these selected

waveleneths would be function of the only component of interest.

The proportionality of derivative absorbance values to the concentrations of TD and
FD were found by mecasuring a scrics of pure drug (Table 3.1, Series A and C of
Table 3.4) and mixture solutions (Table 3.1, Scrics B and D of Table 3.4) at the above
sclected wavelengths. The calculated regression equations based on measured
derivative values (Table 3.1) of TD and FD solutions were reported in Table 3.4. The
spectra obtained from such mixture solutions (Series B and D of Table 3.4) were
shown in Figures 3.6 and 3.7. The presence of distinct isosbestic points at 321.0 nm
(Figure 3.6), and at 307.2 and 372.0 nm (Figure 3.7) suggested that there were no
interferences in the estimation of the individual components. It was also evident that
absorbance values were proportional to their concentrations in drug mixtures. The
mean absorbance values and the corresponding regression equations for TD measured
at 372.0 nm were not shown in Tables 3.1, 3.4, 3.5 and 3.7 respectively to make the
things simple. However, the assay values obtained at 372.0 nm were reported in the

Table 3.8. The mutual independence of the absorbance value of TD and FD at their






wavelength(s) of estimation was determined by a careful mixture interaction study. It
can be observed from reported results (Figure 3.8) that the varying concentrations of
FD (2.5-20 ne ml) did not interfere up to 10 pg'ml in the estimation of TD (15 pg/ml)
at 307.2 nm (Figure 3.8A). Similarly. the varying concentrations of TD (5-40 pg/ml)
did not show anyv interference up to 25 pug/mi in the estimation of FD (5 pg/ml) at
321.0 nm (Figure 3.8B). Thus. the proposed concentration range for pure drugs and
the mixture (Table 3.1) were idcal and the accurate determination of the two drugs
would be possible at the suggested concentration ratio (i.c. 15 pg/ml of TD and

5 g mlof FD).

In ratio-compensation method. the first- and sccond-derivative spectra were recorded
for cach reference solution of the analyte components and also against the mixture
solution to achiceve the balance point. Thereafter, the different ratios (as mentioned in
Tables 3.2 and 3.3) were calculated between wavelength maxima to wavelength
minima or vice versa from recorded derivative spectra. The mean ratio absorbance

values thus obtained for pure drugs and mixturc solutions at the balance point were

reported in Tables 3.2 and 3.3.

It was clear from the statistical analysis of the data obtained for pure drug solutions
and their admixtures that, the standard deviation associated with determinations,
cocfficient of variation and the standard error of values were reasonably small
(Table 3.1). This demonstrated the precision of the ZCP method and the negligible
interference of one drug in the absorption measurement of the other drug. The
percentage ratio of residuals showed a deviation of within 1% (Table 3.1). However,
the calculated values of F-test for non-linearity [97] were less than the theoretical
value at 5% significance level and thus demons-trated that the calibration points did not

deviate significantly from the best-fit line.
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Similarly. the ratio values reported in Tables 3.2 and 3.3 showed that the ratios
obtamed for mixture solution at balance point were almost similar to that of mecan
value obtained for pure drug solutions. The standard deviation, standard error and
coctficient of variation associated with ratios were also same and thus proved the

existence of non-interference in the mixture solutions.

The regression equations of the pure drug solutions and those of mixtures were similar
(Table 3.4) including the obtained correlation cocfficients, which suggested the
non-interference of onc drug in the estimation of the other. A one-way ANOVA test
[98] was performed based on the separate linear calibration graph constructed with
three replicates per point including the lowest and highest variation observed from the
mean  absorption  valuc of cach purc drug concentration during the replicate
measurements (Table 3.1). The calculated F-values were less than that of critical value

at 5 significance level suggested that calibration line present homoscedasticity

(Tables 3.5 and 3.0).

The slope values obtained for TD and FD solutions by facilitating their regression
cquations to pass through the origin with the help of an additional calibration point
(0,0) have failed to confine within the 95% confidence limits of slope. This contrast
was observed due to lack of significant change in absorbance value with change of
concentration (only a third decimal change was noticed). However, the satisfactory
confidence limits were identified at 97.5% (Slope: 1.52E-03 to 1.71E-03) and 99.8%
(Slope: 1.54E-03 to 1.72E-03) for pure drug and mixture solutions of TD respectively.
Similarly, the satisfactory confidence limits for FD observed to be at 99.9% for pure
drug (Slope: 1.88E-03 to 2.23E-03) and 99.5% for mixture (Slope: 1.88E-03 to
2.21E-03). Further, the obtained values of Student’s t-test for correlation [98] were
highly significant at 5% level (Table 3.4) which suggested a strong positive correlation

between measurement values and concentrations. The precision of the fit by regression
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was also confirmed from the reported small values of standard crror involved with

intercept. slope and the estimate [98].

The developed method was validated according to the procedures described in
U.S.P. 23 and the results obtained were reported in Table 3.7. The limit of detection
(LOD) and limit of quantitation (LOQ) [1.97] were calculated based on the slope of

regression equations obtained in Series A and C of Table 3.4.

The percentage recovery values determined for standard solutions and a commercial
product by both zcro-crossing point (ZCP) and ratio-compensation (RC) methods were
reported in Table 3.8. The mean recovery values obtained by both the methods for TD
solutions as purc drug were 99.07 to 100.06% and for FD were 99.77 to 99.97%. Thus
the limits of official monographs for TD and FD were met (Appendix B). The
commercial formulation showed a mean rccovery of 99.49 to 99.85% for TD and for
FD were 99.71 to 100.19%. A two-way ANOVA test (98] performed at 5% level
suggested that there werc no significant differences between the two methods and also
within the method. during the recovery of both drugs from commercial formulation
and standard mixturcs. Henee, it confirmed the non-interference from formulation
matrix in the assay of the drugs in commercial preparation and these methods take in

to account all sources of errors discussed earlier.

The above findings substantiatc the uscfulness of derivative spectrophotometry for the
analysis of mixtures of the two drugs tested, either in pure form or in tablets. As the
choice of products available with this particular combination was limited, the reported
method could not be extended for many commercial products other than the reported.
However, the results presented here must be considered as incentive to any such
findings. The standard solutions prepared were found to be stable for 3 hrs in presence

of DMF.
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Thus. the proposed derivative methods were found to be accurate and precise, and
casicr compared to the reported methods [308-310]. Therefore, the rapidity of the

proposed method makes it convenient in routine analysis for their estimation in

combined formulation.
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Figure 3.3 Absorption spectra of (a) furazolidone (5 pg/mi), (b) tinidazole
(15 pg/ml) and (c) their mixture in dimethyl formamide.
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(b) furazolidone (5 pg/ml) in dimethyl formamide,
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Figure 3.6 First-derivative spectra of tinidazole (10, 12.5, 15, 17.5 and
20 pg/ml) and furazolidone (5 pg/ml) in dimethyl formamide
in curves 1-5, respectively.
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Table 3.1: Selectivity of the method for the simultaneous determination of TD
and FD in standard solutions by first-derivative spectrophotometry

Composition Mean Coefficient  Standard  Ratio of F-test for

of the solution absorbance’ of variation error residual non-linearity
(g mi) value (D1) (%) (%)
(TD at 307.2 nm,

D FD FD at 321.0 nm) Cale Crit"
10.0 0 0.0179 = 0.0005 2.59 0.0001 100.89 0.15 3.86
12.5 0 (.0223 = 0.0003 2.16 0.0001 99.10 0.14
15.0 0 0.0261 = 0.0005 2.17 0.0002 100.15 0.10
17.5 0 .0303 = 0.0003 1.59 0.0001 99.60 0.13
20.0 0 (.0341 = 0.0007 2.16 0.0002 100.35 0.05
10.0 h ().0184 = 0.0002 1.48 0.0001 99.90 0.01
12.5 R (.0222 = 0.0004 1.99 (0.0001 100.03 0.01
15.0 5 (0.0262 = 0.00035 1.85 0.0001 100.16 0.01
17.5 5 0.0303 = 0.0004 1.40 0.0001 99.89 0.0l
20.0 5 (0.0343 + 0.0004 1.28 0.0001 100.00 0.01

0 3 (.0049 + 0.0001 2.89 0.0001 99.35 0.08 3.86

0 4 0.0069 = 0.0002 2.84 0.0001 100.71 0.05

0 5 0.0090 £ 0.0003 2.88 0.0001 100.11 0.03

0 6 0.0109 £ 0.0003 2.54 0.0001 99.64 0.02

0 7 0.0130 £ 0.0004 2.77 0.0001 100.09 0.02
15.0 3 (0.0049 + 0.0001 2.80 0.0001 100.20 0.27
15.0 4 0.0069 £ 0.0002 2.80 0.0001 100.05 0.13
15.0 5 0.0091 +0.0003 2.85 0.0001 99.21 0.08
15.0 6 0.0109 £ 0.0003 2.76 0.0001 100.84 0.05
15.0 7 0.0131 + 0.0003 1.91 0.0001 99.74 0.08

*: Average of ten determinations with standard deviation.
b . Theoretical valuc of F(3,9) at P = 0.05 level of significance.
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Table 3.2: Selectivity of the method for the determination of TD in presence of FD
in standard solutions by first- and second-derivative ratio-compensation

method

Composition of Ratio Mean ratio * Standard  Coefficient

solution (pug/ml) absorbance value error of variation
D FD )
10.0 0 D1(301)/ D1(342) 0.833+ 0.004 0.0012 0.45
12.5 0 0.834+ 0.008 0.0026 1.00
15.0 0 0.832+ 0.004 0.0014 0.53
17.5 0 0.833+£ 0.005 0.0016 0.62
20.0 0 0.834+ 0.007 0.0022 0.85
) - 0.833+0.001 -~ 0.0005 0.12
15.0 5 0.833% 0.004 0.0012 0.44
10.0 0 D2(359) / D2(323) 0.471+ 0.008 0.0025 1.71
12.5 0 0.474+ 0.006 0.0020 1.36
15.0 0 0.469 £ 0.006 0.0018 1.20
17.5 0 0.471 £ 0.005 0.0017 1.12
20.0 0 0.472 £ 0.005 0.0015 1.02
- - 0.471 £0.002°  0.0008 0.36
15.0 5 0.472 £ 0.002 0.0007 0.43
10.0 0 D2(359)/ D1(342)  (.503 + 0.009 0.0029 1.83
12.5 0 0.501 + 0.005 0.0016 1.02
15.0 0 0.501 £ 0.009 0.0031 1.97
17.5 0 0.504 + 0.006 0.0020 1.26
20.0 0 0.503 £0.001 0.0037 2.31
- y 0.502 +0.002 " 0.0008 0.31
15.0 5 0.502 + 0.008 0.0023 1.45

" Average of ten replicate determinations with standard deviation.

*

: Average ratio of pure drug solutions.
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Table 3.3: Selectivity of the method for the determination of FD in presence of TD
in standard solutions by first- and second-derivative ratio-compensation

method.
Composition of Ratio Mean ratio * Standard  Coefficient
solution (pg/ml) absorbance value error of variation

FD ™D )

3 0 D1(342) / D1(393) 0.823+ 0.007 0.0023 0.88
4 0 0.822+ 0.008 0.0026 1.02
5 0 0.821+ 0.009 0.0031 1.19
6 0 0.824+ 0.009 0.0027 1.04
7 0 0.822+ 0.009 0.0029 1.11

; - 0.822+ 0001~ 0.0005 0.12
5 15 0.822+ 0.004 0.0012 0.46
3 0 D2(302) / D2(373) 0.786% 0.009 0.0028 1.12
4 0 0.785+ 0.009 0.0029 1.17
5 0 0.784£ 0.010 0.0034 1.35
6 0 0.785+ 0.009 0.0029 1.18
7 0 0.786+ 0.011 0.0036 1.46
) - 0.785+ 0.001 ° 0.0004 0.12
5 15 0.785+ 0.002 0.0007 0.28
3 0 N2(302) / D1(393) 0.664 £ 0.015 0.0047 2.25
4 0 0.667 £0.011 0.0035 1.65
5 0 0.663 £ 0.013 0.0041 1.93
6 0 0.665 £ 0.013 0.0041 1.98
7 0 0.663 £0.013 0.0042 2.02
- - 0.664+0.017 0.0008 0.26
5 15 0.665 + 0.004 0.0012 0.60

" Average of ten replicate determinations with standard deviation.
*

: Average ratio of pure drug solutions.




Table 3.4: Regression analysis for the determination of TD and FD in standard solutions by first-derivative spectrophotometry

Com'position of Regression equations 3 Corr. Standard error 95%0 Confidence interval Slope Student 7 -
Sample solutions (pg/ml) cocff. without test for
(at 307.2 nm for TD intercept correlation
TD FD at 321.0 nm for FD) Intercept Slope Fstimate Intercept Slope b

Calc Crit

Series A 10 - 20 0 Y = 1.62E-03.X + 1.90E-03  0.9997 3.50L-04  227L-05  1.791:-04  7.801-04, 154103, 1L711-03 70
3.01E-03 1.60E-03 3.18

Series B 10-20 5 Y =1.62E-03.X + 1.90E-03  0.9999 6.42E-05  J.17E-06  3.28E-05 1.091:-03, 1.61E-03,  1.72E-03 122
2.10E-03 1.64E-03

Series C 0 3-7 /7 =2.05E-03.X-1.24E-03  0.9999 6.83E-05 1.31E-05 4.16E-05  -1.406E-03,  2.01E-03, 1.88E-03 122
-1.03E-03 2.09E-03

Series D 15 3-7 Y = 2.04E-03.X - 1.23E-03 0.9998 1.16E-04 2.23E-05  7.05E-05  -1.60E-03,  1.97E-03,  1.881-03 87
-8.031:-04 2.12E-03

2 . Based on five calibration values; X = Concentration of drug in pg/ml.
b . Theoretical value of ‘¢’ at P = 0.05 level of significance with 3 d.f.



Table 3.5: One-way ANOV A test for lincarity of pure TD solutions

88

Source of Degrees of Sum of squares Mean sum of Feate Ferd*
variation freedom (SS) squares (MS)
Regression ] 4.80E-04 4.80E-04
0.316 3.71
lack of fit 3 5.76L-07 1.92E-07
Within line 10 6.07E-06 6.07E-07
Total 14 4.87E-04
at P =0.05 level of sigmficance.
Table 3.6: One-way ANOVA test for lincarity of pure FD solutions
Source of Degrees of Sum of squares Mecan sum of Feae Ferid*
variation freedom (SS) squares (MS)
Regression 1 1.20E-04 1.20E-04
0.053 3.71
Lack of fit 3 3.24E-08 1.08E-08
Within line 10 2.04E-06 2.04E-07
Total 14 1.22E-04

*

: at P = 0.05 level of significance.



Table 3.7: Validation report for the determination of TD and FD in
standard solutions by first-derivative spectrophotometry

Analytical
parameter

Results

TD
(307.2 nm)

FD
(321.0 nm)

Accuracy (“o) 100.18 £ 0.85 99.55 £ 0.61
99.61 98.88
Precision ("v) 99.601 98.88
99.61 100.00
100.53 100.00
101.53 100.00
RSD: 0.85 RSD: 0.61

Specificity

A 15.0 pg/ml of TD and
5.0 pg/ml of FD mixture
solution will show an
absorbance value (D1) of

A 5.0 ug/ml of FD and
15.0 pg/ml of TD mixture
solution will show an
absorbance value (D1) of

0.026 £ 0.0005 0.009 £ 0.0003

LOD (pg/ml) 0.33 0.06

LOQ (pg/ml) 1.10 0.20

Linearity (ng/ml) 5-30 2-20
Ruggedness (%) 100.18 £ 0.85 99.55 + 0.61
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Table 3.8: Results of the assay of pure drug admixtures and commercial formulation of TD and FD by first- and sccond-derivative

spectrophotometry
Recovery (%) ° F-test for Mean Recovery
Drug Label :
Name Claim Cale Crit"
(mg/ tab.) ZCP Method RC Method
Samples Mcthods Snmplcs* .\lcllmds:
TD D1(307.2nm) DI(372.0nm)  DIEBON)/DI342)  D2(359)/ D2323) D235/ D1(342)
Pure drug 99.67 99.67 99.89 100.06 99.89
admixture - +1.01 +1.07 +0.31 +0.32 +0.53
346 213 7.71 6.39
Brand CX 300 99.78 99.55 99.49 99.85 99.76
+0.97 +0.85 +045 +0.39 + (.44
FD D1(321.0 nm) D1(342)/D1(393)  D2(302)/D2(373)  D2(302)/ D1(393)
Pure drug
admixture - 99.77 £ 0.93 99.81 + 0.33 99.97 +£0.21 99.97 + 0.41
6.9E-04 2.18 10.12 9.28
Brand CX 100 99.84 + 0.92 99.71 + 0.45 100.19£ 091  99.76 + 0.99

? . Mean and standard deviation for six determinations.
P Theoretical value of F(l,4)f, 17(4,4)1 for TD and F(l,.’)))r , F(3,3)" for FD based on two-way ANOVA test
at P = 0.05 level of significance.

06



3.4 SIMULTANEOUS DETERMINATION OF TINIDAZOLE AND
CLOTRIMAZOLE IN TABLET PREPARATIONS BY THIRD-
DERIVATIVE SPECTROPHOTOMETRY

The combination of tinidazole (TD) and clotrimazole (CMZ) as a tablet preparation is
widely used for vaginitis. As mentioned carlier, there are various reports available for
determination of TD as a single preparation [297-304] and in combination of other
drugs [60.61,191,308-320]. The report related to TD in combination with CMZ
employed HPLC method for their determination from tablet preparation [311]. The
reports available for the individual assay of CMZ includes colorimetric [324,325],
TLC [326] and HPLC mcthod [327]. The LP. 1996 described a titrimetric method for
tinidazole as purc drug and ultraviolet method for its determination from solid dosage
forms. The method of determination for CMZ includes HPLC prescribed by U.S.P. 23
for purc drug and for its dosage forms. While, B.P. 1993 and [.P. 1996 both
rccommended titrimetric and HPLC method for its pure and dosage forms
respectively. The objective of this thesis work was to demonstrate two derivative
spectrophotometric methods for simultancous determination of these drugs without

prior scparation from their laboratory mixtures and a commercial preparation.

Materials and Reagents

Tinidazole (Gufic Ltd., India) and clotrimazole (Franco-Indian, India) were obtained
as gift samples. Sodium hydroxide (Qualigens, India) and methanol (Qualigens, India)

of analytical grade were used.

Standard Solutions

The standard solutions of TD and CMZ were prepared separately by dissolving 5 mg
of pure drug in 10 and 25 ml methanol, respectively. Appropriate amounts of the stock
solution were transferred to 10 ml volumetric flasks. The volumes were made up with
0.01M NaOH to give a series of solutions containing 5-15 pg/ml of TD and 2-6 pg/ml
of CMZ. A three series of 10 ml mixtures of TD and CMZ in 0.01M NaOH were
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prepared from the stock solutions. The first series contained a constant concentration
of CMZ (5 ng/ml) and a varving concentration of TD (5-15 pg/ml). Similarly, the
second scries contained a constant concentration of TD (12.5 pg/ml) and a varying
concentration of CMZ (2-6 pg'ml). The final series contained a constant concentration

of TD (12.5 pg'ml) and CMZ (5 pg'ml).

Interaction Study

Two scparate series of mixturc solutions were prepared from fresh stock solutions
according to the procedures mentioned above. The first serics contained a constant
concentration of TD (12.5 ug/ml) and a varying concentration of CMZ (2-14 pg/ml).

While, the second scrics contained a constant concentration of CMZ (5 pg/ml) and a

varving concentration of TD (10-60 pg/ml).

Method Validation
a. Accuracy and Precision

Five scparate TD (12.5 pg/ml) and CMZ (5 pg/ml) standard and test samples were
prepared from fresh stock solutions according to the above mentioned procedures.

b. Linearity

Separate series of solutions of TD (5-80 pg/ml) and CMZ (1-15 pg/ml) were
prepared from the stock solutions meant for method validation.

¢. Specificity
Serics of five mixture solutions of each containing TD (12.5 pg/ml) and CMZ

(5 pg/ml) were prepared from the stock solutions meant for method validation.

Sample Preparation

Twenty tablets of TD (Brand DX) in combination with CMZ were aécurately weighed,
well powdered, and a powder weight equivalent to 12.5 mg of TD (and 5 mg of CMZ)
was dissolved in methanol by thorough mixing and made up to volume in a 50 ml

volumetric flask. The sample was filtered through Whatman filter paper No. 1. The
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first and last 5 ml of the filtrate were discarded. Appropriate volume aliquots of filtrate
was diluted with 0.01M NaOH to give samples with a concentration of 12.5 pg/ml TD

and 3 ug ml CMZ.

Procedure

Zero-crossing point (ZCP) method

The absorbances of sample and standard solutions of TD and CMZ were recorded
from 220-300 nm against a blank solution. The third-derivative absorption spectra for
cach set of solutions were subsequently recorded using A = 60 points [138] and
thereafter the spectra were smoothened using A = 30 points [138] to improve signal to
noisc ratio. The solutions were measured at the zero-crossing wavelength of the other

drug.

Ratio-compensation (RC) method

The sample cell contained the mixture of sample and standard solutions containing
12.5 pg/ml of TD and 5 pg/ml of CMZ and the reference cell contained a series of
standard solutions (TD/CMZ) with different concentrations. The third-derivative
spectra were recorded in each instance using appropriate set parameters mentioned in
ZCP method. Similarly, the third-derivative spectra of pure drug solutions were
recorded against a blank in each instance. Different ratios such as wavelength maxima
to wavelength minima or vice versa (as mentioned in Table 3.10) for the pure drugs
and the mixture were calculated. At the exact balance point the concentration of one
of the analyte components of a mixture become equal to that of the reference solution
and therefore the calculated ratio at such point should be equal to that of pure drug
other than in the reference cell. The procedure was repeated to obtair, the second

analyte concentration from the sample and standard mixture.
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Results and Discussion

The zero-order spectra of pure drug combinations were found to be overlapping
(Figure 3.9). The absence of well defined wavelength maxima in the range of spectral
measurcment did not allow usc of any of the conventional methods [5-13] discussed
carlicr. The previously adopted pH-induced differential spectrophotometric method
could not be utilised due to incompatibility of CMZ 1n presence of acidic buffers. The
alkaline solutions prepared were of a lower strength of 0.01M, as the drug was
observed to degrade slowly in presence of higher alkaline solutions. Hence,
a derivative spectrophotometric method was considered to resolve the overlapping.
But such overlapping of spectra could not be resolved in first- and sccond-derivative
mode. In addition, the spectra lack significant minima for graphical measurements and
also ideal zero-crossing wavelengths in both derivative modes. Thus, a third-derivative
spectra was considered to be cssential for resolving such overlapping duc to the
presence of ZCP’s (Figure 3.10). For the rcasons discussed in previous experiment, the
zcro-crossing method [110] was also compared with a ratio-compensation method
[128.129]. The third-derivative spectra were found to have ZCP’s at 267.6 nm for TD
and for CMZ at 246.0 nm (Figure 3.10). Thus, the zero-crossing points (ZCP’s)

considered for the determinations were at 246.0 and 267.6 nm for TD and CMZ

respectively.

The proportionality of the derivative values with different concentrations of TD and
CMZ were examined by measuring a series of pure drug (Table 3.9, Series A and C of
Table 3.11) and mixture solutions (Table 3.9, Series B and D of Table 3.11) at the
zero-crossing wavelength of the other drug. The regression equations obtained with
the reported mean derivative absorbance values (Table 3.9) for pure drugs and their
mixtures were shown in Table 3.11. The third-derivative spectra recorded for the
mixture solutions (Series B and D of Table 3.11) were presented in Figures 3.11 and
3.12. The presence of distinct isosbestic point at 267.6 nm (Figure 3.11) and at

246.0 nm (Figure 3.12) suggested no interferences in the estimation of TD and CMZ.
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It was also confirmed that absorbance values were proportional to their concentrations
in drug mixtures. The mutual independence of the absorbance value of TD and CMZ
at their wavelength of estimation was observed by a mixture interaction study. It was
suggested from reported results (Figure 3.13) that the varying concentrations of CMZ
(2-14 pg'ml) did not interfere up to 9 pg/ml in the estimation of TD (12.5 pg/ml) at
246.0 nm (Figure 3.13A). Whilc. the solutions containing varying concentrations of
TD (10-60 pg/ml) did not interferc up to 40 pg/ml in the estimation of CMZ
(5 ug/ml) at 267.6 nm (Figurc 3.13B). Thus. it proved the proposed concentration
range for standard solutions was ideal and the accurate determination of the two drugs

would be possible at the suggested concentration ratio (i.e. 12.5 pug/ml of TD and

5 ng mlof CMZ).
In ratio-compensation method. the third-derivative spectra for cach pure drug solution
was recorded against its blank solution and also against its mixture solution to identify
the desired balance point. The different ratios calculated between wavelength maxima

to wavelength minima or vice versa were reported in Table 3.10.

The statistical analysis of the analytical data achieved by zero-crossing method for
standard solutions suggested that the reported mean derivative absorbance values
obtained for the replicates together with standard deviation, coefficient of variation
and standard error were relatively small and thus indicated the high precision of the
method. The reported percentage ratio of residuals showed a deviation of within 1%
(Table 3.9). However, the calculated values of F-test for non-linearity [97] were less
than the theoretical value at 5% significance level demonstrated that the calibration

points did not deviate significantly from the best-fit line.

Similarly, the mean ratio absorbance values reported in Table 3.10 showed that the
ratios obtained for mixture solutions at balance point were similar to that of mean

value obtained for pure drug solutions. The deviations reported with observed ratios
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were relativelv small and the cocfficient of variation associated with rcadings was less

than 1% indicating the good reproducibility of the proposed RC method.

The regression cquations together with correlation cocfficients, standard crror
associated with each intercept. slope and estimate were reported in Table 3.11.
The similarity obscrved between regression cquations of pure drugs and mixtures
suggested that there were no interferences in the estimation of one drug in presence of
the other. A one-way ANOVA test [98] was conducted by considering three replicates
per calibration point. The values considered were the lowest and highest variation
observed from the mean absorbance value of cach concentration during the replicate
mecasurement of pure drug solutions (Table 3.9). The reported F-values were less than
the critical value at 5% significance level suggested that the variance was uniform

throughout the calibration line (Tables 3.12 and 3.13).

The ideal confidence limits of slope with zero intercept on the ordinate for both pure
drugs and mixtures was found at 99.8% (Slope values of 1.93E-03 to 2.07E-03 for TD
solutions, 2.69E-03 to 3.36E-03 and 2.74E-03 to 3.27E-03 for CMZ pure and mixture,
respectively) instead of the widely reported 95% confidence limits (Table 3.11). This
particular contrast was mainly due to lack of significant change in absorbance values
with concentrations (only a third decimal change was noticed). However, the
calculated values of Student’s r-test [98] being significantly higher than the theoretical

valuc (Table 3.11) at 5% level suggested the positive correlation established between

the measured values and concentrations.

The proposed method was validated according to the procedures specified by
U.S.P. 23 and the results were reported in Table 3.14. The limit of detection (LOD)
and limit of quantitation (LOQ) [1,97] were calculated based on the slope of the

regression equations obtained in Series A and C of Table 3.11.
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The percentage recovery values obtained for pure drug admixtures as well as for the
commercial preparation achicved by both the methods were reported in Table 3.15. It
was clear from the obtained values that they mect the official monograph requirements
for these drugs as single constitucnt preparations (Appendix B). The reported values of
a Student’s t-test (two-sided) [98] did not exceed the theoretical value at 5% level
indicates no significant differences within the methods (Table 3.15). Further,
a onc-way ANOVA test [98] confirmed that therc were no significant differences
between the methods in recovery of these drugs as the calculated F-values were
reportedly less than the theorctical value at 5% significance level. The prepared

standard solutions were stable for 3 hrs in 0.01M NaOH.

Thus. the proposed derivative methods were found to be accurate and precise. and
casicr compared to the reported method [311] Therefore, it makes convenient for the

simultancous estimation of thesc drugs in routine analysis.
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Figure 3.9  Absorption spectra of (a) clotrimazole (5 pg/ml), (b) tinidazole

(12.5 pg/ml) and (c) their mixture in 0.01M NaOIl.
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Table 3.9: Selectivity of the method for the simultaneous determination of TD and

CMZ in standard solutions by third-derivative spectrophotometry

Composition Mean Coefficient ~ Standard  Ratio of F-test for
of the solution absorbance * of variation error residual  non-linearity
(ng/ml) value (D3) (%) (%)
(TD at 246.0 nm,
D CMZ  OMZ at267.6 nm) Cale  Crit®
5.0 0 0.0089 £ 0.0001 1.39 0.0001  99.68 023 3.6
7.5 0 0.0139 +0.0002 1.65 0.0001 99.96 0.07
10.0 0 (0.0189 + 0.0004 2.27 0.0001 100.15 0.02
12.5 0 0.0239 +0.0003 1.28 0.0001 100.30 0.04
15.0 0 0.0290 + 0.0004 1.84 0.0001 99.77 0.01
5.0 5 0.0089 + 0.0002 2.78 0.0001 99.84 0.05
7.5 5 0.0140 £ 0.0003 2.46 0.0001 99.73 0.02
10.0 5 0.0189 + 0.0004 2.14 0.0001 100.41 0.02
12.5 5 0.0239 £ 0.0003 1.59 0.0001 100.05 0.02
15.0 5 0.0290 + 0.0004 1.38 0.0001 99.86 0.02
0 2 0.0078 £ 0.0002 2.34 0.0001 100.36 0.32 3.86
0 3 0.0108 + 0.0002 1.99 0.0001 100.21 0.23
0 4 00139£0.0002  2.09 0.0001  99.84  0.13
0 5 0.0170 £ 0.0003 1.98 0.0001 99.19 0.09
0 6 0.0198 + 0.0004 1.93 0.0001 100.54 0.07
12.5 2 0.0078 £ 0.0002 2.70 0.0001 100.48 0.13
125 3 00108£00002 2.6l 00001 10023 007
125 4 0.0140 £ 0.0002 2.11 0.0001 9930  0.06
125 5 00169£00003  2.10 0.0001  99.81  0.04
125 6  0.0198+0.0003 1.81 0.0001 10033  0.04

*. Average of ten determinations with standard deviation.
b . Theoretical value of F(3,9) at P = 0.05 level of significance.
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Table 3.10: Selectivity of the method for the determination of TD and CMZ in
standard solutions by third-derivative ratio-compensation method

Composition of Mean ratio absorbance value * Standard  Coefficient
solution (pg/ml) error of \'a:iation
™D CMZ D3(252)/ D3(285) D3(258)/D3(229) (%)

5.0 0 0.786 + 0.002 - 0.0008 0.31

7.5 0 0.787 + 0.006 - 0.0019 0.79
10.0 0 0.786 * 0.005 - 0.0016 0.66
12.5 0 0.787 + 0.005 - 0.0014 0.57
15.0 0 0.788 £ 0.004 - 0.0012 0.51

- - 0.787 +0.001 - 0.0004 0.13
12.5 5 0.787 £ 0.001 - 0.0004 0.16

0 2 - 0.596 + 0.003 0.0011 0.58

0 3 - 0.596 + 0.003 0.0008 0.46

0 4 - 0.597 £ 0.002 0.0007 0.38

0 5 - 0.597 £ 0.004 0.0014 0.75

() §) - 0.596 = 0.004 0.0014 0.75

i i - 0.596 +0.001 *  0.0003 0.10
12.5 5 - 0.597 + 0.004 0.0011 0.61

. Average of ten replicate determinations with standard deviation.

.

- Average ratio of pure drug solutions.



Table 3.11: Regression analysis for the determination of TD and CMZ in standard solutions by third-derivative spectrophotometry

Composition of Regression equations 3 Corr. Standard error 95% Confidence interval Slope Student ¢ -
Sample solutions (ug/ml) coeff. without test for
. (at 246.0 nm for TD intercept corrclation
TD CMZ at 267.6 nm for CMZ) Intercept Slope Estimate Intereept Slope Cale Crie?
Series A 5-15 0 Y =2.00E-03.X - 1.12E-03  0.9999 8$.07E-05  7.61E-06  6.051-05  -1.38E-03,  1.98E-03,  1.94FE-03 122
-8.67L-04 2.03E-03 318
Series B 5-15 5 Y = 2.00E-03.X - 1.04E-03  0.9999 7.53L-05 7.10E-06 5.63E-05 -1.28E-03,  1.98E-03,  1.94E-03 122
-7.961:-04 2.02E-03
Series C 0 2-6 Y =3.02E-03.X - 1.77E-03 09998 1.39E-04 3.27E-05 1.03E-04 1.34E-03, 2.92E-03, 3.28L:-03 87
2.22E-03 3.13E-03
Series D 12.5 2-6 Y = 3.00E-03.X - 1.86E-03  0.9999 1.00E-04 2.37E-05 7.53E-05 1.54E-03, 2.93E-03, 3.27E-03 122
2.181:-03 3.08E-03

3. Based on five calibration values; X = Concentration of drug in pg/ml.
b Theoretical value of ‘r * at P = 0.05 level of significance with 3 d.f.
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Table 3.12: One-way ANOVA test for linearity of pure TD solutions

106

Source of Degrees of Sum of squares Mean sum of Feate Feri
variation freedom (SS) squares (MS) ™
Regression 1 7.56L-04 7.56E-04
0.086 3.71
Lack of fit 3 7.35L:-08 2.45E-08
Within Iine 10 2.86LE-006 2.86E-07
Total 14 7.59E-04
at P =0.05 level of significance.
Table 3.13: One-way ANOVA test for linearity of pure CMZ solutions
Source of Degrees of Sum of squares Mean sum of P Fee*
variation freedom (SS) squares (MS)
Regression 1 2.78E-04 2.78E-04
0.046 3.71
Lack of fit 3 3.30E-08 1.10E-08
Within line 10 2.40E-06 2.40E-07
Total 14 2.80E-04

*

- at P = 0.05 level of significance.



Table 3.14: Validation report for the determination of TD and CMZ in
standard solutions by third-derivative spectrophotometry

Results
Analytical
parameter D CMZ
(246.0 nm) (267.6 nm)
Accuracy (“v) 99.91 £ 0.68 100.23 £ 0.78
99.16 99 .41
Precision (") 99.58 99.41
99.58 100.58
100.41 100.58
100.83 101.17
RSD: 0.68 RSD: 0.78

Specificity

A 12.5 ug/ml of TD and
5.0 pg/ml of CMZ muxture
solution will show an
absorbance value (D3) of

A 5.0 pg/ml of CMZ and
12.5 pg/ml of TD mixture
solution will show an
absorbance value (D3) of

Ruggedness (%)

0.024 + 0.0003 0.017 = 0.0003
LOD (pg/ml) 0.09 0.10
LOQ (pg/mb) 0.30 0.34
Linearity (pg/ml) 5-80 1-15
99.91 £ 0.68 100.23 £0.78
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Table 3.15: Results of the assay of pure drug admixtures and commercial formulation of TD and CMZ,
by third-derivative spectrophotometry

Label Recovery (%) * Student - test for F-test for Mean
Drug Name  Claim Mean Recovery Recovery
(mg/ tab.)
ZCPp RC , -
Method Method 7CP Cale RC Crit Calc Crit€
Method Method
TD N3(246.0 nm) D3(252) / D3(285)
Pure drug

admixture - 99.78+ 1.05 100.06 £ 0.24

0.34 1.91 2.23 0.53 3.10

Brand DX 500 99.60 £0.80  99.60 £ 0.53

CMZ D3(267.6 nm) D3(258) / D3(229)
Pure drug
admixture . 99.89 +1.08 100.13 £ 0.49

0.53 0.81 2.23 0.51 3.10
Brand DX 200  99.58£0.98  99.94 +0.31

? . Mean and standard deviation for six determinations.
b Theoretical value of *r (two-sided)’ at P = 0.05 level of significance with 10 d.f.
€ . Theoretical value of F(3,20) based on one-way ANOVA test at P = 0.05 level of significance.
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3.5 SIMULTANEOUS DETERMINATION OF TINIDAZOLE AND
NORFLOXACIN IN COMBINED TABLET PREPARATIONS
BY FIRST-DERIVATIVE SPECTROPHOTOMETRY

The combination of tinidazole (TD) and norfloxacin (NF) as a tablet preparation is
used for diarrhoea of mixed origin. As mentioned earlier, therc are various reports
available for quantitative determination of TD as single preparation [297-304] and in
combination of other drugs [60.61,191.308-320]. In particular, the reports related to
NF combination employed HPLC (312.313], HPTLC [314], colorimetric [315.316]
and multi-component analysis (MA) methods [317]. There are also few reports
available for the individual assay of NF, which includes colorimetric [328,329],
ultraviolet [330-332], fluorimetric [333.334], polarographic [335,336] and HPLC
method [337]. The [.P. 1996 described titrimetric and ultraviolet method for TD as
purc drug and from its solid dosage form respectively. A potentiometric titration and
HPLC method was recommended by both U.S.P. 23 and 1.P. 1996 for NF as pure drug
and its determination from solid dosage form respectively. The objective of this thesis
work was to demonstrate two derivative spectrophotometric methods for the

simultaneous determination of these drugs without prior separation from pure drug

admixtures and combined preparations.

Materials and Reagents

Tinidazole (Gufic Ltd., India) and norfloxacin (Cipla, India) were obtained as gift
samples. Sodium hydroxide (Qualigens, India) and dimethyl formamide (DMF,

Qualigens, India) used were of analytical grade.

Standard Solutions

The stock solutions of TD and NF were prepared separately by dissolving 5 mg of
each pure drug in 10 ml DMF. Appropriate amounts of the stock solution were
transferred to 10 ml volumetric flasks. The volumes were made up with 0.01M NaOH

to give a separate series of solutions containing 2.5-10 pg/ml of TD and NF. Further, a
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three series of 10 ml mixtures of TD and NF in 0.01M NaOH were prepared from the
stock solutions. The first serics contained constant concentration of NF (5 pg/ml) and
a varying concentration of TD (2.5-10 ug/ml). Similarly, the second series contained
constant concentration of TD (7.5 pg/ml) and a varving concentration of NF
(2.5-10 ug/ml). Finally, the third series contained a constant concentration of TD

(7.5 nug ml) and NF (5 pg'ml).

Interaction Study

Two series of mixture solutions were prepared from fresh stock solutions according to
the procedures mentioned above. The first series contained a constant concentration of
NF (5 pg'ml) and a varying concentration of TD (5-45 pg/ml). Similarly, the second
serics contained a constant concentration of TD (7.5 pg/ml) and a varying

concentration of NF (5-40 pg/ml).

Mecthod Validation
a. Accuracy and Precision

Five separate standard and test solutions of both TD (7.5 pg/ml) and NF (5 pg/ml)
were prepared from the fresh stock solutions according to the above mentioned
proccdures.

b. Linearity
Separate series of solutions of TD (2.5-30 pg/ml) and NF (2.5-35 pg/ml) were

prepared from the stock solutions meant for method validation.

c. Specificity
Series of five mixture solutions of each containing TD (7.5 pg/ml) and NF

(5 ug/ml) were prepared from the stock solutions meant for method validation.

Sample Preparation

Twenty tablets of each brand (EX and EY) containing TD and NF were accurately

weighed, well powdered, and a powder weight equivalent to 7.5 mg of TD
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(and 5.0 mg of NF) was dissolved in DMF by thorough mixing and made up to
volume in a 50 ml volumetric flask. The samples were filtered through Whatman filter
paper No.1. The first and last 5 ml of the filtrate were discarded. Appropriate volume
aliquots of filtratc were diluted with 0.0IM NaOH to give samples with a

concentration of 7.5 ug/ml TD and 5 ng/ml NF.

Procedure

Zero-crossing point (ZCP) method

The absorbances of sample and standard solutions of TD and NF were recorded from
250-360 nm against a blank solution. The first-derivative spectra for each sct of

solutions were subsequently recorded using A = 20 points [138] and no smoothing was

necessary. The absorbances of the solutions were measured at the zero-crossing

wavelength of the other drug.

Ratio-compensation (RC) method

The sample cell contained the mixture of sample and standard solutions containing TD
(7.5 pg/ml) and NF (5 pg/ml) and the reference cell contained a serics of standard
solutions (TD/NF) with different concentrations. The first-derivative spectra were
recorded in each instance using appropriate set parameters mentioned in ZCP method.
Similarly, the first-derivative spectra of pure drugs were recorded against a blank in
cach instance. Different ratios such as wavelength maxima to wavelength minima or
vice versa (as mentioned in Table 3.17) for the pure drugs and mixtures were
calculated. As discussed earlier, at the balance point the concentration of one of the
analyte components of a mixture becomes equal to that of reference cell and ratios
calculated should be equal at such point. The procedure was repeated to obtain the

second analyte concentration from the sample and standard mixture.
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Results and Discussion

The normal spectra of TD and NF were found to be greatly overlapping (Figure 3.14)
with prominent shoulder peaks in the spectra of NF. which made their estimation
difficult with the help of methods discussed carlier [5-13]. The previously proposed
pH-induced differential spectrophotometric method could not be used due to lack of
stability of NF in acidic buffer system. Hence, a first-derivative spectrophotometric
method was considered to resolve such overlapping associated with shoulder peaks

(Figure 3.15).

Though, the first-derivative spectra obtained for TD (7.5 pg/ml) and NF (5 pg/ml) was
found to have ZCP’s at 266.8 and 317.4 nm for TD and at 300.2 and 326.8 nm for NF
(Figure 3.13), but. the derivative spectrum was not fully resolved from the shoulder
peaks. However, this problem could have been resolved easily by processing the
recorded spectra in higher derivative modes. Instead, the ratio-compensation method
[128.129] was considered and compared with zero-crossing method [110] to study the
possible cffect, if any, of shoulder in the measurement of standard and sample
solutions. Thus, in ZCP method, the measurements of TD were made at 326.8 nm and

NF at 317.4 nm as both were closer to the shoulder peak.

The proportional relationship between the measured amplitudes and concentrations
were determined at the selected zero-crossing wavelengths by measuring a series of
purc drug (Table 3.16, Series A and C of Table 3.18) and mixture solutions (Table
3.16, Series B and D of Table 3.18). The regression equations obtained with the
reported mean derivative absorbance values (Table 3.10) for pure drugs and their
mixture solutions were presented in Table 3.18. The first-derivative spectra recorded
for the mixture solutions were presented in Figures 3.16 and 3.17. The presence of
distinct isosbestic points at 266.8 nm and 317.4 nm (Figure 3.16) and at 300.2 and

326.8 nm (Figure 3.17) suggested no interferences including shoulder peak in the
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estimation of TD and NF. Further, it was also proved that the measured values obey a

proportional relationship with the concentrations of standard mixtures.

In addition. the mutual independence of the absorbance values of TD and NF at the
sclected wavelength of their estimation was confirmed by a mixture interaction study.
The reported results (Figure 3.18) clearly demonstrated that TD solutions with varying
concentrations (5-45 pg/ml) did not interfere up to 25 pg/ml in the estimation of NF
(5 ugml) at 317.4 nm (Figure 3.18A). While, the solutions containing varying
concentrations of NF (5-40 pg/ml) did not interfere up to 10 pg/ml in the estimation of
TD (7.5 pg/ml) at 326.8 nm (Figure 3.18B). Thus, it suggested the carlier identified

concentration ranges for TD and NF were ideal to carry out the accurate

determinations.

In ratio-compensation method. the first-derivative spectra for each pure drug solution
was recorded against its blank solution and also against its mixture solution to identify
the desired balance point. The different ratios calculated between wavelength maxima

to wavelength minima or vice versa were reported in Table 3.17.

From the statistical analysis of data achieved by ZCP method for standard solutions
showed that, the mean derivative absorbance values of standard solutions together
with standard deviation, coefficient of variation and standard error were small and
thercfore indicated the precision of the method (Table 3.16). The percentage ratio of
residual values showed random scatter about the calibration line. But, the values
obtained through F-test for non-linearity [97] suggested that such random scatter was
not significant at 5% level and the calibration points were linear in the proposed
concentration range. From Table 3.17, it can clearly be observed that the réported
ratios for pure drug solutions and their mixtures were highly reproducible. The

similarity between the mean absorbance ratio value of pure drug solutions and the
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mixture solutions at the balance point suggested no interferences in the estimation of

both the drugs by the proposed RC method.

The hnear regression equations together with correlation coefficients, standard error
associated with cach intercept. slope and cstimate were reported in Table 3.18. It was
clear from the similarity of regression cquations (Table 3.18: Series A-D) that there
were no interferences in the cstimation of onc drug in presence of the other.
A one-way ANOVA test [98] by considering three replicates per calibration point was
performed. These values included the lowest and highest vanation observed from the
mecan derivative absorbance valuc of each concentration during the replicate
measurement of pure drug solutions. It was proved from the results reported in

Tables 3.19 and 3.20 that variations associated with measurements were uniform

throughout the calibration line.

The reported slope values (Table 3.18) without intercept on ordinate fall within the
95%, confidence limits, which confirms the regression equations did not deviate from
the origin. Further, the strong positive correlation between the measured values and
concentrations was also confirmed at 5% level by the calculated values of Student’s
t-test for correlation which were highly significant (Table 3.18). The precision of the
fit by regression was also confirmed from the standard error of each intercept, slope

and cstimate which found to be very small (Table 3.18).

The proposed method was validated according to the procedures described in
U.S.P. 23 and the results obtained were reported in Table 3.21. The limit of detection
(LOD) and limit of quantitation (LOQ) [1,97] were calculated based on the slope of

regression equation obtained in Series A and C of Table 3.18.

The percentage recovery values obtained for standard solutions and for the two

commercial preparations (EX and EY) by both ZCP and RC methods were reported in
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Table 3.22. It was clear from the recovery values that they meet the official
requirements for single drug preparations of both the pure drugs (Appendix B). The
reported F-values of a two-way ANOVA test [98] did not exceed the theoretical value
at 3% level suggested that no significant deviations occurred between the methods and
within the samples of a method (Table 3.22). The prepared solutions were stable for

3 hrs in 0.01M NaOH and protected from light throughout the study.

Thus the proposed derivative methods offer interesting possibilities for resolving the
overlapping spectra. These methods were found to be precise and accurate. The
simplicity and rapidity of thesec methods compared to other reported methods

[312-317] makes it convenient for routine analysis.
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Table 3.16: Selectivity of the method for the simultancous determination of TD
and NF in standard solutions by first-derivative spectrophotometry

Composition Mean Cocefficient  Standard  Ratio of F-test for
of the solution absorbance ’ of variation error residual non-linearity
(ng/ml) value (D1) (%) (%) ’
(TD at 326.8 nm,
D NF NF at 317.4 nm) Cale Crit®
25 0 0.0050 = 0.0004 2.89 0.0001  100.64 0.1 1.6
3.0 0 .0100 = 0.0003 293 0.0001 99.44 0.03
T3 0 0.0149 +0.0003 2.58 0.0001  100.10  0.02
10.0 0 0.0199 + 0.0004 1.89 0.0004  100.04  0.02
25 5.0 0.0051 +0.0002 2.98 0.0001 98.60  0.53
5.0 5.0  0.0100 £0.0003 2.89 0.0001 10132 0.15
7.3 50 0.0151 £0.0004 2.34 0.0001 99.70  0.10
10.0 5.0  0.0200 £0.0003 1.53 0.0001 99.94  0.13
0 2.5 0.0062 £0.0002 2.98 0.0001 10040  0.04 426
0 50  0.0122 £0.0002 211 0.0001  99.80  0.02
0 7.5 0.0181£0.0002 1.33 0.0001 99.86  0.02
0 10.0  0.0241 £0.0003 1.18 0.0001  100.10  0.02
7.5 2.5 0.0064 £0.0001 1.99 0.0001 10094  0.37
7.5 50  0.0125+0.0001 1.27 0.0001 99.36  0.24
7.5 7.5 0.0183 £0.0003 1.83 0.0001 99.89  0.05
7.5 100 0.0242 £0.0002 1.08 0.0001  100.16  0.08

*. Average of ten dete
b. Theoretical value of F(2,9) at

rminations with standard deviation.
P =0.05 level of significance.
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Table 3.17: Selectivity of the method for the determination of TD and NF in
standard solutions by first-derivative ratio-compensation method

Composition of Mean ratio absorbance value* Standard  Coefficient
solution (pg/ml) error of variation
™D NF D1(342)/ D1(296) DI1311)/D1(344) )
2.5 0 1.092 £ 0.0106 - 0.0051 1.47
5.0 0 1.084 £0.023 - 0.0074 2.17
7.5 0 1.089 + 0.021 - 0.0068 1.97
10.0 0 1.087 £ 0.008 - 0.0026 0.76

- - 1.088 +0.003 - 0.0016 0.30
7.5 5.0 1.089 £ 0.028 - 0.0088 2.57

() 2.5 0.422 £ 0.002 0.0005 0.38

0 5.0 - 0.423 +£0.003 0.0012 0.88

0 7.5 - 0.424 £ 0.003 0.0008 0.58

0 10.0 - 0.426 + 0.002 0.0005 0.38

- - - 0.424 + 0002 0-0008 0.37
7.5 5.0 - 0.424 + 0.003 0.0009 0.70

* . Average of ten replicate determinations with sta

L] .
. Average ratio of pure drug solutions.

ndard deviation.




Table 3.18: Regression analysis for the determination of TD and NF in standard solutions by first-derivative spectrophotometry

Composition of

| Regression equations Corr. Standard error 954% Confidence interval Slope Student 7 -
Sample solutions (pug/ml) cocff. without test for
’ . (at 326.8 nm for TD intercept correlation
™ NF at 317.4 nm for NF) Iutercept Slope Estimate Intercept Slope ¢ b
ale Crit
Series A 2.5-10 0 Y = 1.99E-03.X - 4.65E-09 0.9999  S7SE-05  §40L-06  4.73E-05  -2471-04. 1.OSE-03,  1.99E-03 100
2.47E-04 2.03E-03 4.30
SeriesB  2.5-10 5 Y =1.99E-03.X + 9.49E-05  0.9999 1.35E-04 1.98E-05 1.11E-04  -4.881-04. 1.91E-03,  2.00E-03 100

6.78E-04 2.08E-03

Series C 0 25-10 Y =238E-03.X+275E-04 09999 4.33E-05 633E-06 3.53E-05 -2.60E-04, 2.31E-03. 2.40E-03 100

6.56E-04 2.45E-03

Series D 7.5 25-10 Y =238E-03.X+4.50E-04 0.9999 9.52E-05 1.39E-05 7.74E-05  -8.20E-06, 2.33E-03, 2.42E-03 100

8.10E-04 2.44E-03

®: Based on four calibration values; X = Concentration of drug in pg/ml.
®. Theoretical value of ‘¢’ at P = 0.05 level of significance with 2 d.f.

XA




Table 3.19: One-wayv ANOVA test for linearity of pure TD solutions

Source of Degrees of Sum of squares Mean sum of Feae F..
variation freedom (SS) squares (MS) it
Regression 1 3.75E-04 3.75E-04
1.74E-04 4.46
[.ack of fit 2 9.33E-11 4.66E-11
Within hine S 2.14E-00 2.67E-07
Total 11 3.77E-04
“at P = 0.05 level of significance.
Table 3.20: One-way ANOVA test for lincarity of pure NF solutions
Source of Degrees of Sum of squares Mean sum of Feale Ferc*
variation frecedom (SS) squares (MS)
Regression ] 5.31E-04 5.31E-04
0.185 4.46
[Lack of fit 2 4.35E-08 2.17E-08
Within line 8 9.40E-07 1.17E-07
5.32E-04

Total

11

*

cat P = 0.05 level of significance.
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Table 3.21: Validation report for the determination of TD and NF in
standard solutions by first-derivative spectrophotometry

Analytical
parameter

Results

D
(326.8 nm)

NF
(317.4 nm)

Accuracy (o) 9991 +0.70 100.16 £ 0.67
99.33 99.20
Precision (°4) 99.33 100.00
99.53 100.00
100.67 100.80
100.67 100.80
RSD: 0.70 RSD: 0.67

Spectficity

A 7.5 pg/ml of TD and
5.0 pg/ml of NF mixture
solution will show an
absorbance value (D1)
of 0.015£0.0004

A 5.0 pg/ml of NF and
7.5 pg/ml of TD mixture
solution will show an
absorbance value (D1)
of 0.012+0.0001

1.OD (pg/ml) 0.07 0.05
LOQ (pg/ml) 0.24 0.15
Linearity (pg/ml) 2.5-30 2.5-35
99.91+0.70 100.16 + 0.67

Ruggedness (%)




Table 3.22: Results of the assay of pure drug admixtures and commercial formulations of TD and NF
by first-derivative spectrophotometry

Label Recovery (%) * F-test for Mean Recovery
Drug Name Claim
(mg/ tab.) 7ZCP RC Calce Crit”
Method Method Samples Mecthods Samples ' Methods ;

TD D1(326.8 nm) DI342)/ D1(296)
Pure drug
admixture - 99.88 + 0.99 99.47 + 0.65

0.16 0.49 19.0 I8.5

Brand EX 600 99.77 £ 0.81 100.00 £ 1.72

Brand EY 600 99.43 £0.89 100.50 £ 1.10

NF DIG317.4 nm) DI311)/ DI(344)
Pure drug
admixture - 100.26 + 0.98 100.13 £ 0.65
4.23 11.31 19.0 18.5
Brand EX 400 100.13 £ 1.40 99.72 £ 0.46

Brand EY 400 100.13 + 1.08 99.87 £ 0.71

?. Mean and standard deviation for six determinations.

. . + . + _ o
. Theoretical value of (2, 2) and F(1, 2)* based on two-way ANOVA testat P = 0.05 level of significance.

=
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3.6 SIMULTANEOUS DETERMINATION OF TINIDAZOLE,
FURAZOLIDONE AND DILOXANIDE FUROATE IN
COMBINED TABLET PREPARATIONS BY SECOND-
DERIVATIVE SPECTROPHOTOMETRY

The combination of tinidazole (TD). furazolidone (FD) and diloxanide furoate (DF) in
the form of tablet preparation is widely used for treating diarrhoca associated with
bacterial growth, amocbiasis and giardiasis. The various reports available including
official monographs for the estimation of these drugs either as single preparation
[1-3.23.26.100-104.297-307] or in combination of other drugs [60-62,80-86,191,

308-310.318-320] were discussed in previous sections of this chapter. There are no

reports available for the determination of these drugs from their combined

preparations. Hence. the objective of this work was to propose a second-derivative

spectrophotometric method for the simultancous determination of these drugs without

prior separation from pure drug mixtures and a combined formulation.

Materials and Reagents

Tinidazole (Griffon. India), furazolidone (Aristo,
amples. Dimethyl formamide (DMF; Qualigens,

India) and diloxanide furoate

(Aristo, India) were obtained as gift s

India) of analytical grade was used.

Standard Solutions

The stock solutions of pure TD, FD and DF were prepared separately by dissolving
5 mg of cach of purc drug in 10 ml of DMF. Appropriate volume aliqouts of the stock
solutions were transferred to 10 ml volumetric flasks. The volumes were made up with
distilled water to give @ series of solutions containing TD (5-20 pg/ml), FD

(2.5-10 pg/ml) and DF (7.5-15 pg/ml). Similarly, three series of 10 ml of each mixture

were also prepared in distilled water from the stock solutions. The first series
contained a constant concentration of FD (2.5 pg/ml), DF (12.5 pg/ml) and a varying

-~
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concentration of TD (5-20 upg/ml). The sccond series contained a constant
concentration of DF (12.5 pg'ml). TD (10 pg/ml) and a varying concentration of FD
(2.5-10 pg'ml). While, the third scries contained a constant concentration of TD
(10 ng/ml). FD (2.5 ug/ml) and a varying concentration of DF (7.5-15 pg/ml). Finally,

a binary mixture solution containing TD (10 pg/ml) and FD (2.5 pg/ml) was also

prepared.

Interaction Study
Three separate series of mixturc solutions were also prepared from the fresh stock

solutions by considering a mixturc of two drugs with a constant concentration and the

other with varving concentration as shown in Figure 3.24.

Method Validation
a. Accuracy and Precision

Five scparate standard and test solutions of TD (10 pg/ml), FD (2.5 pg/ml) and DF

(12.5 pg/ml) were preparcd from fresh stock solutions according to the above

mentioned procedures.

b. Linearity
Scparate series of solutions of TD (5-50
g/ml) were prepared from the stock solutions meant for method validation.

pg/ml), FD (2.5-20 pg/ml) and DF

(5-30
¢. Specificity

Series of five mixture solutions of each containing TD (10 pg/ml), FD (2.5 pg/ml)

and DF (12.5 pg/ml) were prepared from the stock solutions meant for method

validation.

Sample Preparation

Twemy tablets of the combined formulation (Brand FX) was accurately weighed, well

Powdered and a powder weight equivalent to 10 mg of TD (corresponds to 2.5 mg of

FD and 12.5 me DF) was dissolved in DMF by thorough mixing and made up to
. g :
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volume in a 50 ml volumetric flask. The sample was filtered through Whatman filter
paper No 1. The first and last 5 ml of the filtrate were discarded. Appropriate volume

aliquots of filtrate was diluted with distilled water to give samples with a

concentration of 10 ug/ml of TD and corresponding amounts of FD (2.5 pg/ml) and

DF (12.5 pg'ml).

Procedure

Zero-crossing point (ZCP) method

The absorbances of sample and standard solutions were recorded from 260-450 nm
against a blank solution. The second-derivative spectra for each set of solutions were
subscquently recorded by using A = 25 points [138] and the spectra were smoothened
using A = 30 points to climinatc the noisc produced above 350 nm in the recorded
spectrum of FD. The solutions were measured at the ZCP’s of the other two drugs in

cach instance.

Ratio-compensation (RC) method

The sample cell contained the mixture of sample and standard solutions containing TD

(10 pg/ml), FD (2.5 ng/ml) and DF (12.5 pg/ml). While, the reference cell contained

a binary mixture solution having TD (10 pg/ml) and FD (2.5 pg/mi). The

sccond-derivative spectrum was recorded in each instance using appropriate set

parameters mentioned in ZCP method. A ratio calculated between wavelength maxima

to wavelength minima was compared to that of similar ratio calculated for pure drug

solutions recorded against a blank solution.

Results and Discussion

0
The zero-order spectra of pure drugs were f .
aneous determination difficult with the earlier mentioned

und to be overlapping (Figure 3.19) and

thus making their simult |
methods [5-13]. I addition, there were no successful reports available for quantitative
odas | >- .In )

determination of any three-component mixtures by above methods [3-12]. A graphical
ination 0 :
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plot method used carlier with the problems related to three-component mixtures was
reported [13]. but it was time consuming and less accurate. The pH-induced
diffcrential spectrophotometric method could not be used due to lack of literature
support for handling the threec-component mixtures. Hence, a second-derivative
spectrophotometric method was considered for resolving the overlapping over its
first-derivative spectra to facilitate the determination of DF along with TD and FD. It
was observed during initial study that the first-derivative spectra have ideal ZCP’s for

the estimation of TD and FD. but lacks such a point for DF and also wavelength

minima to assist its dectermination by any other reliable methods like

ratio-compensation method. This particular draw back was overcome during its

processing in second-derivative mode (Figure 3.20).

It can be observed from Figure 3.20 that DF does not show any appreciable
absorbance above 320 nm. thus the problem has seized to a two-component mixture in
the other region of spectral measurement. The various useful ZCP’s observed for

estimation were at 335.4 and 397.4 nm for TD, and at 340.8 nm for FD. In addition,

FD estimation would also be possible at 420.0 nm as there was no interference from

other two drugs due to their lack of absorbance at maximum wavelength of FD. To

determine quantitatively TD and FD only those wavelengths at which greater

absorbance values would be measured were considered. Thus, TD was estimated at

3354 nm and FD at 420.0 nm. Wh

ratio-compensation method with a ratio ca
crivative spectra (Figure 3.20).

ile the determination of DF was carried out by

lculated between wavelength maxima and

wavclength minima of second-d

The proportional relationship between the measured values and concentrations were
found at the selected wavelengths of estimation by measuring a series of pure drug
(Table 3.23, Series A, C and E of Table 3.25) and mixture solutions (Table 3.23,

Series B, D and F of Table 3.25
e values (Table 3.23) for pure drugs and their mixtures were

). The regression equations obtained with mean

derivative absorbanc
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presented in Table 3.25. The second-derivative spectra obtained for the mixture
solutions were presented in Figures 3.21-3.23. The presence of distinct isosbestic
point(s) at 340.8 and a constant absorption at 420.0 nm (Figure 3.21), and at 335.4 and
397.4 nm (Figure 3.22) followed by a constant absorption pattern after 320.0 nm

(Figure 3.23) suggested no interference in the estimation of one drug in presence of

other drugs. It was also confirmed that the measured values were proportional to the

concentrations of standard mixtures.

It was evident from reported results of mixture interaction study (Figure 3.24) that the
non-interference zone for varying concentrations of FD, TD and DF were existed up to
25.50 and 20 pg/ml respectively at 335.4 nm for FD and TD, and at 286.4 nm for DF

(Figure 3.24). Thus. the carlier proposed concentration ranges for the standard and

sample solutions were appropriate for their accurate determinations.

In RC method, the sccond-derivative spectrum of DF was recorded from its mixture

solutions against a prepared binary mixture and also its pure drug spectrum against a

blank solution. The ratios thus obtained with the above solutions were reported in

Table 3.24.

A detailed statistical analysis of the data obtained by above methods for standard

solutions suggested that, the mean derivativ
all including coefficient of variation and the

e absorbance values of standard solutions

and their related deviations were sfi
standard error thus indicating the precision of the method (Table 3.23). The percentage
ratio of residual values showed random scatter in some cases about the best-fit line

(Table 3.23). But from the values obtained through F-test for non-linearity [97]

suggested that such error was not significant at the 5% level. From Table 3.24, it had
been proved that the calculated ratios were highly reproducible and suggested the
Method adaptability for the determination of DF in standard and sample solutions.
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The linear regression equations together with correlation coefficients and standard
error involved with cach intercept. slope and estimate were reported in Table 3.25.
The similarity obscrved between regression cquations of pure drug and mixture
solutions suggested no interferences in the estimation of one drug in presence of the
others. The homogeneity of variance within calibration line was determined by a
onc-way ANOVA test [98] with three replicates per calibration point. The values
included were the lowest and highest variation observed from the mean absorbance
value of cach purc drug concentration during the replicate measurement of standard

solutions (Table 3.23). The reported F-values were not significant at 5% level and thus

demonstrated the linecarity (Tables 3.26-3.28).

The slope values without intercept on the ordinate were reported along with 95%

confidence limits in Table 3.25. It had been observed that linear proportionality

between measured values and concentrations existed with FD and DF solutions where

the obtained slope values fall within the confidence limits. However, to observe above

such relationship with TD solutions the satisfactory confidence limits were found at

98% for pure drug (Slope: 3.04E-04 to 4.49E-04)
1 addition, the obtained Student’s -test [98] values were

and for mixtures at 99% (Slope:

3.69E-04 to 4.44E-04). I

highly significant compared to theoretical value at 5% level confirmed the positive

correlation between them.

The proposed method was validated according to the procedures described in

U.S.P. 23 and the results obtained were reported in Table 3.29. The limit of detection

(LOD) and limit of quantitation

regression equations obtained in Series A,

(LOQ) [1,97] were calculated based on the slope of
C and E of Table 3.25.

The percentage recoveries obtained for standard solutions and a commercial

he proposed method wer
lues were satisfactory according to the limits of official

rted in Table 3.30.
preparation with t e reported 1 e 3.30. It was clear that

the obtained recovery Va
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monographs for the individual assay of these drugs (Appendix B). As there were no
other formulations of this combination available commercially than the reported, the
proposcd method was tried out with only one formulation. It was confirmed from the
reported Student's r-test [98] values that there were no significant differences between
the mean recoveries of standard solutions and commercial preparation at 5% level

(Table 3.30). The prepared solutions were stable for 3 hrs in presence of distilled

watcer.

Thus the above results demonstrate that the complex problem of quantitating mixtures
of three components with overlapping spectra can be easily solved. The proposed

sccond-derivative method of determination was accurate, simple and precise for the

routine analysis of pharmaccutical dosage forms.
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Figure 3.19 Absorption spectra of (a) diloxanide furoate (12.5 pg/ml),
(b) furazolidone (2.5 pg/ml), (c) tinidazole (10 pg/ml) and

(d) their mixture in distilled water.



0-600

286.4nm
0-500
0.250 -
340.8nm

Q
> 333 -4nm £20.0 nm
©
2 ] b ¢ \
| 2

0.-000
5 / \
©
g 397.4nm
(&)
[¢¥]
W
—0.25%0 I~

262.4 nm
—0-500 —;/
1 I | | 1 | 1
260 300 350 400 450

Wavelength (nm)

a of (a) diloxanide furoate (12.5 pg/ml)

Figure 3.20 gecond-derivative speetr
) and (c) tinidazole (10 pg/ml) in

(b) furazolidone (2.5 pg/ml
distilled water.



0-075

0-050
@
>
‘= 0:025
o
>
T
)
©
©
c 0.000
o
O
by
wn
— 0.025
— 0+ 050

340-8nm

L T N R

260

Figure 3.21

300 350 400 450
Wavelength (nm)

Sccoml-dcrivalivc spectra of tinidazole (5, 10, 15 and
20 pg/ml in curves 1-4, respectively) with a constant
concentration of furazolidone (2.5 pg/ml) and diloxanide

furoate (12.5 pg/ml) in distilled water.



0.075

0.050 |-

0-025 397.4nm

0-000

Second derivative

—~0.025

335.4nm

~0- 050

| { | I | I [
260 300 350 400 450

Wavelength (nm)

ctra of furazolidone (2.5, 5, 7.5 and
-4, respectively) with a constant
le (10 pg/ml) and diloxanide furoate-

e 3.22 gccond-derivative spe
10 pg/ml in curves |1
concentration of tinidazo
(12.5 pg/ml) in distilled water.

Figur



Second derivative

0-075
0-050 —
397.4 nm
0-025 I 420.0nm
0-000 \/ ~ .
~0.025 F 340.8 nm
335.4 nm
-0.050
T B I R |

Figure 3.23

Wavelength (nm)

Second-derivative spectra of diloxanide furoate (7.5, 10, 12.5
and 15 pg/ml in curves 1-4, respectively) with a constant
‘conccntration of tinidazole (10 pg/mi) and furazolidone

2.5 pg/ml) in distilled water.



Figure 3.24

MQ sL . . _ A

x

~ =

()]

3 -
Com;ofFD(pg/ml)
B

(@) 6

x B a:10-20

N b:20-30

o 2 c:30-40

p d : 40-50

< I N R — ¢ 1 50-60

a b ¢ d e
AC.of TD(pg/m[ )
C
™ 20 |-
9 a: 5-10
- b :10-15

(>\<l c:15-20
016 d:20-25
< [ I T | ¢:25-30

a b C d e

AC.of DF (pg [ml)

Second-derivative interaction graphs for (A) .d“O.\:anide
furoate (12.5 pg/ml) and tinidazole (10 m.zlml) in mixture
with furazolidone (at 335.4 nm), (B) furazo.lldon? (2.5 Hg/lfll)
and diloxanide furoate (12.5 pg/!n]) in mixture with
tinidazole (at 335.4 nm) and (C) tinidazole (10 pg/ml) and

furazolidone (2.5 pg/ml) in mixture with diloxanide furoate
(at 286.4 nm) in distilled water.



140

Table 3.23: Selectivity of the method for the simultaneous determination of TD. FD

1
|
]
5 and DF in standard solutions by second-derivative spectrophotometry

Composition Mean Coefficient  Standard  Ratio of F-test for

of the solution Absorbance * of variation error residual non-linearity

(ng/mi) value (D2) (%) (%) \

(TD at335.4 nm,

o FD DF ﬁ)DF :tl ;;23 :::) Cale  Crit®

5.0 0 0 0.0030 £0.0001 2.24 0.0001  100.87 1.04  4.26
0.0 0 0 0.0050 % 0.0001 2.32 0.0001  99.99  0.34
150 0 0 0.0071 £0.0001 0.98 0.0001 9892  0.93
200 0 0 0.0090 £ 0.0001 1.38 0.0001  100.57  0.29
50 25 125 0.0029 +0.0001 2.59 0.0001 10096 0.23
100 25 125 0.0050 £0.0001 0.88 0.0001 99.29 .67
150 25 125 0.0070 £0.0001 1.54 0.0001 99.82  0.11
200 2.5 125 0.0090%0.0001 0.46 0.0001 10022  0.76

0 2.3 0 0.0029 +0.0001 1.17 0.0001  101.09 4.16  4.26
0 5.0 0 0.0059 £ 0.0001 2.18 0.0001 99.83 03]
0 7.5 0  0.0088%0.0002 2.72 0.0001 99.12  0.09
0 100 0  0.0116%0.0002 2.35 0.0001 10047  0.07
100 25 125 0.0029£0.0001 2.29 0.0001  100.18 0.27
100 50 125 0.0058+0.0001 1.95 0.0001 10021  0.09
100 75 125 0.0089%0.0001 1.20 0.0001 99.54  0.10
100 100 125 0.0118+0.0002 1.63 0.0001  100.19  0.03

0 0 7.5 0.0302 % 0.0004 1.59 0.0001 100.10  0.01 4.6
0 0 10.0  0.0402 + 0.0005 1.40 0.0001 99.89  0.01
0 0 12,5 0.0500 + 0.0004 0.75 0.0001  100.08 0.0l
0 0 150 0.0599 0.0006 1.16 0.0002  100.02 0.0]
100 25 7.5  0.0298£0.0005 1.70 0.0001 99.96 0.0l
100 25 100 0.0398+0.0004 1.20 0.0001  100.07 0.01
100 25 125 0.0499%0.0008 1.66 0.0002 99.93  0.01
100 25 150 0.0599+0.0008 1.43 0.0002 10001  0.01

d deviation.

erminations with standar

YAV det {omni
verage of ten de FF(2,9)atP = 0.05 level of significance.

b .
: Theoretical value o



Table 3.24: Selectivity of the method for the determination of DF in presence
of TD and FD in standard solutions by second-derivative
ratio-compensation method

Composition of solution Mean ratio absorbance Standard Coefficient
(pg/ml) value * error of variation
(7o)
DF D FD D2(286.4) / D2(262.4)

7.5 0 0 0.942 = 0.002 0.0008 0.25
10.0 0 0 0.941 + 0.009 0.0030 1.03
12.5 0 0 0.944 + 0.003 0.0008 0.26
15.0 0 0 0.944 + 0.008 0.0025 0.84

- - - 0.943 +0.001 0.0007 0.14
12.5 10 2.5 0.944 + 0.003 0.0010 0.33

*. Average of ten replicate determinations with standard deviation.

. Average ratio of pure drug solutions.
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Table 3.25: Regression analysis for the determination of TD, FD and DF in standard solutions by sccond-derivative spectrophotometry

Composition of solutions

Regression equations * Corr. Standard error 95% Confidence Slope Student ¢ -
Sample (pg/ml) (at335.4 nm for TD coeff. interval without test for
at 420.0 nm for FD Intercept correlation
T™D FD DF at 286.4 nm for DF) Intercept Slope Estimate  Intereept Slope Cale  Crit"
Series A 5-20 0 0 Y =4.07E-04.X + 9.72E-04 09998 8.34E-05  6.09E-06  6.80E-05  6.14E-04,  3.80E-04. 4.46E-04 71
1338103 4 33E-04 4.20
SeriesB  5-20 25 12.5 Y =4.06E-04.X + 8.95E-04 09999 4.40E-05 3.21E-06 3.60E-05  7.05E-04, 2.92E-04. J42E-04 100
LOSE-03  4.20E-04
Series C 0 25-10 0 Y =1.16E-03.X + 1.15E-04  0.9998 8.74E-05  1.28E-05  7.14E-05 -2.61E-04, 1.10E-03, 1.16E-03 71
4.91E-04 1.21E-03
Series D 10 25-10 12.5 Y = 1.19E-03.X - 5.40E-05 09999 4.27E-05 6.23E-06 3.50E-05 -2.37E-04, 1.16E-03, 1.18E-03 100
1.291:-04 1.21E-03
Series E 0 0 75-15 Y =397E-03.X +4.60E-04 0.9999 6.52E-05 5.63E-06 3.79E-05 -1.00E-04, 3.91E-03, 3.99E-03 100
1.02E-03  4.02E-03
Series F 10 25 7.5-15 Y =4.02E-03.X - 3.40E-04 09999 7.33E-05 3.15E-04  3.16E-05 -7.20E-04, 3.98E-03, 3.99E-03 100
2.82E-05  4.05E-03
? : Based on four calibration values; X = Concentration of drug in pg/ml.

Y. Theoretical value of ‘" at P = 0.05 level of significance with 2 d.f.

v




Table 3.26: One-way ANOVA test for linearity of pure TD solutions

143

Source of Degrees of Sum of squares Mean sum of Feal Fo. %
variation freedom (SS) squares (MS) : e
Regression 1 6.24E-05 6.24E-05
0.337 4.46
[.ack of fit 2 1.35E-08 6.78E-09
Within line 8 1.61E-07 2.01E-08
Total 11 6.26E-05
- at P = 0.05 level of significance.
Table 3.27: One-way ANOVA test for linearity of pure FD solutions
Source of Degrees of Sum of squares Mean sum of Fcac Feri *
variation freedom (SS) squares (MS)
- 0.047 4.46
lack of fit 2 5.01E-08 2.50E-09
Within line 8 4.29E-07 5.36E-08
Total 11 1.27E-04

*

cat P =0.05 level of significance.



Table 3.28: One-way ANOV'A test for linearity of pure DF solutions

Source of Degrees of Sum of squares Mean sum of Fear Foo. *
variation freedom (SS) squares (MS) Crit
Regression 1 1.47E-03 1.47E-03
0.017 4.46
ILack of fit 2 2.36E-08 1.18E-08
Within line 8 5.59E-06 6.99E-07
11 1.47E-03

Total

*

- at P = 0.05 level of significance.
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Table 3.29: Validation report for the determination of TD, FD and DF in standard
solutions by second-derivative spectrophotometry

Results
Analytical
parameter D FD DF
(335.4 nm) (420.0 nm) (286.4/262.4 nm)
Accuracy (%) 100.00 = 0.37 100.17 £ 0.53 100.04 £ 0.57
Precision (%) 99.60 99.60 99.60
99.60 99.60 99.60
100.20 100.33 100.00
100.20 100.66 100.00
100.40 100.66 101.00
RSD: 0.37 RSD: 0.53 RSD: 0.57

Specificity

A 10 pg/mlof TD,
12.5 pg/ml of DF and
2.5 pg/mlof FD
mixture solution will
show an absorbance
value (D2) of

A 2.5 pg/mlof FD,
10 pg/ml of TD and
12.5 pg/ml of DF
mixture solution will
show an absorbance
value (D2) of

A 12.5 pg/ml of DF,
10 pg/ml of TD and
2.5 pg/ml of FD
mixture solution will
show an absorbance
ratio of 0.944 + 0.003

0.005 = 0.001 0.003 = 0.0001 by RC method
LOD (pg/ml) 0.50 0.18 0.03
LOQ (ug/ml) 1.67 0.62 0.10
_T«incarity (ng/ml) 5-50 2.5-20 5-30
™ 100.00 % 0.37 100.17 % 0.53 100.04 + 0.57

Ruggedness (%)

——
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Table 3.30: Results of the assay of pure drug admixtures and commercial formulation of TD, FD and DF
by second-derivative spectrophotometry

Sample Label Claim Recovery (%) * Student r-test for Mean Recovery
(mg/tab.)
™ FD DF Cale Crit"
TD FD DF (3354 nm)  (420.0 nm) (286.4/ 262.4) ™ FD DF (TD/FD/ DF)

Pure drug 100.03 99.85 100.11
admixture - - - +0.45 +0.60 +0.27

0.48 0.69 0.64 2.18
Brand FX 300 75 375 100.16 100.09 99.98
+0.54 +0.68 +0.49

? . Mean and standard deviation for seven determinations.
® . Theoretical value of ‘1 (two-sided)’ at P = 0.05 level of significance with 12 d.f.



3.7 SIMULTANEOUS DETERMINATION OF METOPROLOL
TARTRATE AND HYDROCHLOROTHIAZIDE IN
COMBINED TABLET PREPARATIONS BY FIRST- AND
SECOND-DERIVATIVE SPECTROPHOTOMETRY

The combination of metoprolol tartrate (MTP) with hydrochlorothiazide (HTZ) as a
tablet is widely used to treat mild to moderate hypertension. The literature reports
available for the individual assay of MTP includes colorimetric [338,339], TLC [340],
ultraviolet [341] and a fluorimetric method [342]. Similarly, the various methods
reported for HTZ includes colorimetric [343], ultraviolet [41,344,345] and HPLC
[346]. There arc many reports available for quantitative estimation of HTZ in
combination of other drugs [1.129, 205-211,347-360] including MTP [347]. The last
mentioned report [347] ecmployed a direct ultraviolet method for their determination
after separation. The official method for MTP prescribed a potentiometric titration
[1-3] for pure drug, and HPLC [1] and ultraviolet [3] method for its dosage forms. The

official method for HTZ prescribed HPLC [1] and potentiometric titration [2,3]

method as pure drug and HPLC [1] and ultraviolet method [2,3] method for its solid

dosage form. The U.S.P. 23 prescribed a separate HPLC method for the determination

of both the drugs from its combined tablet preparation. The objective of this work was

to demonstratc a first- and second-derivative ratio-compensation method for

determination of these drugs without prior separation from its combined preparations.

Materials and Reagents

Metoprolol tartrate (Cipla, India) and hydrochlorothiazide (Lupin, India) were

obtained as gift samples. Methanol (Qualigens, India) and sodium hydroxide

(Qualigens, India) of analytical grade were used.

Standard Solutions

The stock solutions of pure drugs were prepare
10 mg of HTZ and MTP respectively into separate 10 ml volumetric flasks.

d in methanol by dissolving 5 and
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Appropriatec amounts of the stock solutions were transferred to 10 ml volumetric
flasks. The volumes were diluted with 0.01M NaOH to give a series of solutions
containing MTP (40-60 pg/ml) and HTZ (5-10 pg/ml). A three series of 10 ml mixture
solutions in 0.01M NaOH were also prepared from the stock solutions. The first series
contained a constant concentration of HTZ (6.25 pg/ml) and a varying concentration
of MTP (40-60 pg ml). Similarly, the sccond series contained a constant concentration
of MTP (50 pg'ml) and a varying concentration of HTZ (5-10 pg/ml). Finally, the

third series contained a constant concentration of MTP (50 pg/ml) and HTZ

(0.25 ng'ml).

Interaction Study
Two separate scries of mixture solutions were also prepared from fresh stock solutions

according to the procedurcs mentioned above. The first series contained a constant

concentration of HTZ (6.25 pg/ml) and a varying concentration of MTP

(20-100 pg/ml). While, the second series contained a constant concentration of MTP

(50 pg/ml) and a varying concentration of HTZ (5-40 pg/ml).

Method Validation

a. Accuracy and Precision
Five separate standard and test solutions of MTP (50 pg/ml) and HTZ(6.25 png/ml)
were prepared from fresh stock solutions according to the above mentioned

procedures.

b. Linearity
Scparate series of solutions of MTP (5-70 pg/ml) and HTZ (5-20 pg/ml) were
prepared from the stock solutions meant for method validation.

¢ Specificity

Series of fiv

e mixture solutions of each containing MTP (50 pg/ml) and HTZ

(6.25 ng/ml) were prepared from the stock solutions meant for method validation.
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Sample Preparation

Twenty tablets of combined formulations (Brand GX) was accurately weighed, well
powdered and a powder weight cquivalent to 50 mg of MTP (and 6.25 mg of HTZ)
was dissolved in methanol by thorough mixing and made up to volume in a 50 ml
volumetric flask. The sample was filtered through Whatman filter paper No.l.

The first and last 5 ml of the filtrate were discarded. Appropriate volume aliquots of

filtrate were diluted with 0.01M NaOH to give a concentration of 50 pg/ml of MTP

and 6.25 pg/'ml of HTZ.

Procedure
The sample cell contained the mixture of sample and standard solutions containing

MTP (50 pg/ml) and HTZ (6.25 pg/ml) and the reference cell contained a series of

standard solutions of purec MTP or HTZ. The first- and second-derivative spectra were

recorded in each instance from 230-300 nm using A = 15 and 20 points [138]

respectively. Similarly, the first- and sccond-derivative spectra of pure drug solutions

avainst a blank solution were also recorded. Thereafter, different ratios between
o

waveleneth maxima to wavelength minima or vice versa in different derivative modes
(& D 4

(as mentioned in Tables 3.32 and 3.33) were calculated for standard and sample

solutions. The ratios thus obtained were compared at the balance point [128,129]

discussed earlier in the introduction of this chapter.

Results and Discussion
The zero-order spectra of pure drug combinations were very similar and overlapping

(Figure 3.25). The earlier discussed conventional methods [5-13] could not be
proposed for resolving duc to lack of separation of wavelength peaks. While, the
pH-induced differential spectro
drug spectra of MTP from 230-
buffer systems [361). Thus, 2 first- and

: a
was considered for resolving such close overlap

photometric method could not be adopted as the pure
300 nm looks alike in presence of acid and alkali
second-derivative spectrophotometric method

ping from their solutions. But, the
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recorded spectra in first- and sccond-derivative mode exhibited either a complete
overlap or same ZCP’s for both the pure drugs (Figures 3.26 and 3.27). Therefore,
ZCP method could not be considered as an option for their successful determination
for being sensitive to small drifts of the band of the other component. As discussed
carlicr, the ratio-compensation method was found to be a suitable alternative for such

situations. Hence, a ratio-compensation method was proposed for their simultaneous

determination.

In this method. the first- and second-derivative spectra of standard and sample
solutions were recorded against suitable solutions (as discussed in procedure).
The different ratios like first-derivative minima to maxima, second-derivative maxima
to minima and sccond-derivative to first-derivative maxima from the measured
absorbance values (as reported in Tables 3.32 and 3.33) were calculated and were

compared between pure drug solutions and mixtures obtained at the balance point

(Tables 3.32 and 3.33).

The proportionality between measured amplitudes and concentrations were found at

their first-derivative wavelength maxima by measuring a Series of pure drug

(Table 3.31, Series A and C of Table 3.34) and mixture solutions (Table 3.31, Series B

and D of Table 3.34). The r

values were reported in Table 3.34.

egression equations thus calculated with the measured

The mutual independence of analytical signals at first derivative zero-crossing

wavelengths was demonstrated from the re
¢ was observed that MTP solutions with varying concentration

ported results of mixture interaction study

(Figure 3.28). I
(20-100 pg/ml) did not interfe

at 2474 nm (Figure 3.28A).
nterfere up to 25 ng/ml in the estimation of MTP (50 pg/ml) at

re up to 70 pg/ml in the estimation of HTZ (6.25 pg/ml)

Similarly, the varying concentrations of HTZ

(5-40 ug/ml) did not i

249 4 (Figure 3.28B). Therefore, it suggested that the earlier proposed
4 nm (k1 :
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concentration ranges for MTP and HTZ were 1deal and accurate determination of

mixture solution would be possible at 50 pg/ml of MTP and 6.25 pug/ml of HTZ.

The statistical analysis of data obtained by first-derivative method for standard
solutions showed that the decviations associated with the measured derivative
absorbance values were small including coefficient of variation and the standard error.
Thus it suggested the precision of the method (Table 3.31). The percentage ratio of
residuals showed a deviation of within 0.5% and demonstrated that the calibration
points did not deviate significantly from the best-fit line. It was also confirmed from
reported F-values of test for non-lincarity [97] which were less than the critical value
at 5°% significance level (Table 3.31). The different ratios calculated for pure drug
solutions and mixtures were reported in Tables 3.32 and 3.33. The identical ratios
obtained in cach instance suggested that there were no interferences in the
measurement of onc drug in presence of the other and thus indicated high

reproducibility of the method. This can also be observed from the values of standard

crror and coefficient of variation (Tables 3.32 and 3.33).

The linear regression equations obtained with the mean absorbance values of standard

solutions (Table 3.31) were shown in Table 3.34 and were similar. This similarity

associated with correlation coefficients and the standard error involved with each

intercept, slope and estimate suggested the precision of the fit. Thus, it demonstrated

no interferences in the determination of one drug in presence of other. A one-way
ANOVA test [98] was performed with thre
ighest variation from the mean value of each concentration observed
o

e replicates per calibration point including

the lowest and h

during the replicate measurements of the pure drug solutions. The uniformity of

variance within the calibration lines of pure drugs was confirmed from the reported

F-values at 5% signiﬁcance level (Tables 3.35 and 3.36) and thus demonstrated the
- S 0

linearity.
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It has been verified for MTP solutions that the reported slope values with zero
intercept on the ordinate fall within the 95% confidence limits of slope confirms the
calibration lines did not deviate from the ongin. However, the percentage level of
confidence limits for HTZ solutions had to be modified for above such relation as they
failed to meet the widely reported 95% limits. The revised such new limits for pure
drug were identified at 97.5% (Slope: 7.80E-03 to 8.13E-03) and for mixtures at
99.8% (Slope 7.82E-03 to 8.23E-03). The calculated values of Student’s r-test [98]
were relatively higher compared to theoretical values at 5% significance level

demonstrated the strong positive correlation between derivative values and

concentrations of pure drugs (Table 3.34).

The proposed method was validated according to the procedures described in
U.S.P. 23 and the corresponding results were reported in Table 3.37. The limit of
detection (LOD) and limit of quantitation (LOQ) [1,97] were calculated based on the

slope of regression equations obtained in Series A and C of Table 3.34.

The percentage recovery values obtained for standard solutions and a commercial

preparation with the proposcd method were reported in Table 3.38. The obtained mean

recoveries were satisfactory according to the limits of official monographs

(Appendix B) for their individual assay [1-3] and for the combination [1]. The

reported F-values of a two-way ANOVA test [98] for samples suggested that there

were no significant differences in the mean recoveries of samples and also between
f=]

different absorbance ratios considered for their estimation at 5% significance level.

(Table 3.38). The prepared solutions were stable for 3 hrs in 0.01M NaOH.

The proposed method was found to be accurate and reproducible in the absence of
¢valuation by zero-crossing method due to overlapping. Thus, the developed method
can be useful and easier compared to the reported method [1,347] in routine analysis
of pharmaceutical dosage forms without prior separation.
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I'able 3.31: Selectivity of the method for the simultaneous determination of MTP
and HTZ in standard solutions by first-derivative spectrophotometry

(:“"11)05““_”1 Mean Coefficient  Standard  Ratio of F-test for
of the solution absorbance’ of variation error residual non-linearity
(Hg/ml) value (D1) (Yo (%) )
(MTPand HTZ at

MTP HTZ 284.0 nm) Cale -
40 0 0.0319 = 0.0004 1.26 0.0001 99.86 0.03 3.86
45 0 0.0359 +0.0003 0.78 0.0001 99.99 0.07

30 0 0.0398 = 0.0005 1.17 0.0001 10028 0.03

55 0 0.0439 + 0.0006 1.55 0.0002 99.89 001

060 0 0.0479 +0.0007 1.40 0.0002 99.95 0.01

10 6.25  0.0320 +0.0005 1.62 0.0002 99.98 0.01

43 6.25  0.0360 £0.0005 1.45 0.0002 100.05  0.01

50 6.25  0.0400 +0.0006 1.52 0.0002 99.98 001

55 6.25  0.0440 £0.0005 1.19 0.0002 99.94 0.0l

60 6.25  0.0480 +0.0007 1.48 0.0002  100.03  0.01

0 500  0.0382£0.0007 2.06 0.0002  100.02  0.04 386
0 6.25  0.0481 £0.0010 2.19 0.0003 100.25  0.02

0 7.50  0.0583 £0.0007 116 0.0002 99.74 0.05

0 875  0.0682 +0.0007 1.06 0.0002 99.84  0.04

0 10.00  0.0779 £0.0009 1.22 0.0003 100.16  0.02

50 500 0.0382+0.0008 2.31 0.0003 99.80 0.01

50 6.25  0.0481 +0.0009 1.88 0.0003 100.13  0.01

50 750  0.0581 +0.0009 1.61 0.0003  100.08  0.01

50 875  0.0682+0.0012 1.81 0.0004  100.01  0.01

50 10.00  0.0783 % 0.0010 1.33 0.0003 99.94 0.01

I .
" Theoretica

"1 Average of ten determinatiol
| value of F(3.9) at

15 with standard deviation.
p =0.05 level of significance.
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Table 3.32: Selectivity of the method for the determination of MTP in presence

of HTZ in standard solutions by first- and second-derivative
ratio-compensation method

Composition of Ratio Mean ratio ” Standard  Coefficient of
solution (ng/ml) absorbance value error variation (%)
MTP HTZ
40 0 D1(264)/D1(284)  0.682x0.010 0.0033 1.54
45 0 0.684+ 0.006 0.0019 0.89
50 0 0.685+ 0.006 0.0019 0.91
55 0 0.683+ 0.008 0.0024 1.13
60 0 0.682+ 0.009 0.0029 1.35
- - 0.683+0.001 " 0.0006 0.19
50 6.25 0.682+ 0.005 0.0015 0.70
40 0 D2(294)/D2(276)  0.652+ 0.007 0.0021 1.03
15 0 0.651+ 0.007 0.0021 1.03
50 0 0.652+ 0.008 0.0026 1.30
55 0 0.653+ 0.007 0.0021 1.02
60 0 0.651+ 0.006 0.0019 0.95
- - 0.652+0.001 = 0.0003 0.10
50 6.25 0.650+ 0.007 0.0022 1.04
40 0 D2(294)/ D1(284)  0.468 +0.003 0.0010 0.68
45 0 0.470 £ 0.004 0.0014 0.94
50 0 0.469 + 0.017 0.0037 2.48
55 0 0.469 + 0.009 0.0027 1.84
60 0 0.470 £ 0.004 0.0012 0.80
- i 0.469 +0.001 = 0.0005 0.23
50 6.25 0.468 £ 0.010 0.0032 215

2 .
: Average of ten replicat
o of pure drug solutions.

: Average rati

e determinations with standard deviation.
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Table 3.33: Selectivity of the method for the determination of HTZ in presence

of MTP in standard solutions by first- and second-derivative

ratio-compensation method

Composition of Ratio Mean ratio * Standard Cocfficient

solution (pg/ml) absorbance value error of variation
HTZ MTP )
5.00 0 D1(263)/ D1(284) 0.574+ 0.007 0.0022 1.21
6.25 0 0.574% 0.004 0.0014 0.75
7.50 0 0.576+ 0.008 0.0024 1.33
8.75 0 0.577+ 0.009 0.0027 1.50
10.00 0 0.576+ 0.009 0.0029 1.60
- - 0.575+0.001 " 0.0006 0.23
0.25 50 0.575+ 0.007 0.0021 1.16
5.00 0 D2(291) / D2(274) 0.624+ 0.004 0.0014 0.69
6.25 0 0.624+ 0.003 0.0008 0.42
7.50 0 0.625+ 0.003 0.0008 0.41
8.75 0 0.626+ 0.003 0.0011 0.54
10.00 0 0.624+ 0.003 0.0009 0.49
] _ 0.624+0.001 ~  0.0003 0.10
6.25 50 0.623+ 0.007 0.0023 1.15
500 0 D2(291) / D1(284) 0.424 +0.009 0.0029 2.17
6.25 0 0.424 £ 0.005 0.0016 1.22
750 0 0.425 £ 0.005 0.0017 1.28
8 75 0 0.425 + 0.005 0.0017 1.23
10.00 0 0.424 + 0.005 0.0017 1.28
. ] 0.424 £0.001°  0.0002 0.10
| 6.5 50 0.423 £0.006 0.0021 1.60

" Average of ten replicat

*

: Average ratio of

pure drug solutions.

e determinations with standard deviation.
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Table 3.34: Regression analysis for the determination of MTP and HTZ in standard solutions by first-derivative spe

ctrophotometry

Composition of

‘ Regression equations Corr. Standard crror 95% Confidence interval Slape Student 1 -
Sample solutions (ig/ml) cocff. without test for
( at 284.0 nm for intercept corrclation
MTP HTZ MTP and HTZ) Intercept Slope Estimate Intercept Slope Calc Crit b
Series A 40-60 0 Y =8.00E-04.X - 1.58E-04 0.9999 241E-04 J477E-06  7.525-05  -9.23E-04,  7.85E-04.  7.97E-04 122
6.08L-04 8.15E-04 3.18
SeriesB 40 -60 6.25 Y =797E-04.X + 1.82E-04 0.9999 6.52E-05 1.29E-06 2.15E-05  -2.54E-05, 7.92E-04, 7.991:-04 122
3.89E-04 8.00E-04
Series C 0 5-10 Y =7.97E-03.X - 1.63E-03 0.9999 2.87E-04 3.73E-05 1.45E-04 -2.54E-03, 7.84E-03, 7.81E-03 122
-7.18E-04 8.09E-03
Series D 50 5-10 Y =8.01E-03.X - 1.87E-03 0.9999 1.19E-04 1.54E-05 7.03E-05 -2.25E-03, 7.96E-03, 7.82E-03 122
-1.49E-03 8.06E-03

* : Based on five calibration values; X = Concentration of drug in pg/ml.

®: Theoretical value of ‘¢ at P = 0.05 level of significance with 3 d.f.
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Table 3.35: One-way ANOVA test for linearity of pure MTP solutions

Source of Degrees of Sum of squares Mean sum of Fca Fo. *
variation freedom (SS) squares (MS) ale Crit
Regression 1 4.71E-04 4.71E-04
0.092 3.71
l.ack of fit 3 1.62E-07 5.42E-08
Within line 10 5.87E-006 5.87E-07
Total 14 4.77E-04
- at P = 0.05 level of significance.
Table 3.36: One-way ANOVA test for linearity of pure HTZ solutions
Source of Degrees of Sum of squares Mean sum of Fcate
variation freedom (SS) squares (MS)
Regression 1 3.00E-03 3.00E-03
0.066 3.71
Lack of fit 3 3.78E-07 1.26E-07
Within line 10 1.89E-05 1.89E-06
Total 14 3.02E-03

*

. at P = 0.05 level of significance.
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Table 3.37: Validation report for the determination of MTP and HTZ in
standard solutions by first-derivative spectrophotometry

Analytical
parameter

Results

MTP
D1(264 /284 nm)

HTZ
D1( 263 /284 nm)

Accuracy (%) 99.85 £ 0.65 100.03 £ 0.82
99.25 99.17
Precision (%6) 99.25 99.17
99.75 100.20
100.25 100.80
100.75 100.80
RSD: 0.65 RSD: 0.82
Specificity A 50 pg/ml of MTP and A 6.25 pg/ml of HTZ and
6.25 pg/ml HTZ mixture 50 pg/ml of MTP mixture
solution will show an solution will show an
absorbance ratio of absorbance ratio of
0.682 = 0.005 by RC 0.575 £ 0.007 by RC
method method
1.OD (pg/ml) 0.28 0.06
LOQ (ng/ml) 0.94 0.18
Linearity (pg/ml) 5-70 5-20
99.85 + 0.65 100.03 +£0.82

Ruggedness (%0)




Table 3.38: Results of the assay of pure drug admixtures and commercial formulation of MTP and HTZ by
first- and second-derivative spectrophotometry

Drug Name Label Recovery (%) ? F-test for Mean Recovery
Claim N
(mg/tab.) Calce E‘ril .
Samples Methods Samples Methods *
MTP D1(264)/ D1(284) D2(294)/ D2(276) D2(294) / D1(289)
Pure drug
admixture 99.92 + 047 99.74 £ 0.96 99.11 £0.98
2.26 4.09 18.5 19.0
Brand GX 100 99.58 + 0.46 99.22 +0.53 99.18 + 0.77
Pure drug
admixture 99.71 £0.60 99.54 £ 0.51 9984 + 091
2.12 1.44 18.5 19.0
Brand GX 12.5 98.95+1.13 99.46 £ 0.77 99.72 + 0.92
* : Mean and standard deviation for six determinations.

P . Theoretical value of F(1, 2)’r and F(2, 2): based on two-way ANOVA test at P = 0.05 level of significance.
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3.8 SIMULTANEOUS DETERMINATION OF PROPRANOLOL
HYDROCHLORIDE AND HYDROCHLOROTHIAZIDE IN
COMBINED FORMULATIONS BY FIRST- AND SECOND-
DERIVATIVE SPECTROPHOTOMETRY

The combination of propranolol HCI (PP) and hydrochlorothiazide (HTZ) in the form

of tablet is widely used to treat mild to moderate hypertension. There are many reports

available for the individual assay of PP, which includes colorimetric [362-365],
ultraviolet [366,367], fluorimctric [368] and HPLC method [369]. There are also
reports available for PP in combination of other drugs [211,348,349,370] including
HTZ [348.349). The later mentioned two reports employed TLC [348] and direct
ultraviolet method for their determination after separation [349]. The literature reports
available for HTZ as a single preparation [41,343-340] and in combination of other
[205-211.272.347-360] were mentioned in previous section. The official

drugs

monographs prescribed HPLC [1] and potentiometric titration [2,3] method for PP as

purce drug, and HPLC [1] and ultraviolet [2,3] method for its assay from single drug

preparations. While, the official methods for HTZ prescribed HPLC [1] and

potentiometric titration [2,3] mcthod as pure drug, and HPLC [1] and ultraviolet [2,3)

method for its assay from solid dosage forms. The U.S.P. 23 also reported combined

HPLC method for the estimation of these drugs from its dosage forms. The objective

of this work was to proposc 2 simple and rapid first- and second-derivative

spectrophotometric method for the determination of these drugs in the presence of

cach other as well as the excipients.

Materials and Reagents
Propranolol HCI (Cipla, India) and h

as gift samples. Methanol (Qualigens,

ydrochlorothiazide (Lupin, India) were obtained

India) and sodium hydroxide (Qualigens, India)

of analytical grade were used.
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- Standard Solutions

The stock solutions of pure drugs were prepared in methanol by dissolving 5 mg each
of pure drug into separate 10 ml volumetric flasks. Appropriate amounts of the
aliquots of stock solutions werc transferred to 10 ml volumetric flasks. The volumes
were diluted with 0.01M NaOH to give a series of solutions containing PP
(5-15 pg/ml) and HTZ (5-10 pg/ml). A three series of 10 ml mixture solutions were
also prepared from the stock solutions. The first series contained a constant
concentration of HTZ (6.25 pg/ml) and a varying concentration of PP (5-15 pg/ml).
The second series contained a constant concentration of PP (10 pg/ml) and a varying

concentration of HTZ (5-10 pg/ml). The final series contained a constant

concentration of PP (10.pg/ml) and HTZ (6.25 pg/ml).

Interaction Study
Two separatc scries of mixture solutions were also prepared from fresh stock solutions

according to the above mentioned procedures. The first series contained a constant
o

concentration of PP (10 pg/ml) an

While, the second series contained a constant concentration of HTZ (6.25 pg/ml) and

d a varying concentration of HTZ (5-35 pg/mi).

a varying concentration of PP (5-40 pg/ml).

Method Validation

a. Accuracy and Precision
Five scparate standard and test solutions of PP (10 ug/ml) and HTZ (6.25 ug/ml)

were prepared from fresh stock solutions according to the above mentioned
e

procedures.

b. Linearity
Separate series of solutions of PP (5-35 pg/ml) and HTZ (5-20 pg/ml) were

prepared fron the stock solutions meant for method validation.
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¢. Specificity
Series of five mixture solutions of each containing PP (10 pug/ml) and HTZ

(6.25 ug'ml) were prepared from the stock solutions meant for method validation.

Sample Preparation

Twenty tablets of combined formulation (Brand HX) was accurately weighed, well
powdered and a powder weight equivalent to 10 mg of PP (and 6.25 mg of HTZ) was
dissolved in methanol by thorough mixing and made up to volume in a 50 ml
volumetric flask. The sample was filtered through Whatman filter paper No. 1.

The first and last 5 ml of the filtrate were discarded. Appropriate volume aliquots of

filtrate were diluted with 0.01M NaOH to give a concentration of 10 pg/ml of PP and

6.25 pg/ml of HTZ.

Procedure
Zero-crossing point (ZCP) method

The absorbances of sample and standard solutions were recorded from 230-300 nm

against a blank solution. The second-derivative spectra for each set of solutions were
o

subscquently recorded by using A = 20 points [138]. The solutions were measured at

the zero-crossing wavelength of other drug in each instance.

Ratio-compensation (RC) method

The sample cell contained the mixture of sample and standard solutions containing PP

(10 pg/ml) and HTZ (6.25 |
rying concentrations of pure drugs. The first- and second-derivative

tg/ml), and the reference cell was replaced with

successively va

spectra were recorded in each instance from 230-300 nm using A = 15 and 20 points

[138] respectively Similarly, the first- and second-derivative spectra of pure drug

soluti ainst a blank solution were also recorded. Then, different ratios between
utions ag

(as tioned in Tables 3.40 and 3.41) were calculated for standard and sample
mentione

16



167

solutions. The ratios thus obtained were compared at the balance point [128,129] as

discussed earlier in the introduction of this chapter.

Results and Discussion

The zero-order spectra of pure drug combinations were overlapping (Figure 3.29).
The carlier discussed conventional methods [5-13] could not be adopted, as they have
not met the preliminary requirements due to no significant separation of wavelength
pcaks. The carlier proposed pH-induced differential spectrophotometric method could
not be used. as there were no significant spectral changes induced by acidic and alkalj
solutions for PP in the range of spectral measurement. Therefore, a first- and

sccond-derivative method was considered for resolving such overlapping between the

two drugs. The zero-crossing points (ZCP’s) identified in both derivative modes does
not coincide exactly with the wavelength maxima or minima of the other drug
(Fieures 3.30 and 3.31). Thus, to avoid the influence of any errors in the
measurements due to small drifts of the band of the other component, the ZCP method

was compared with RC method to maintain the precision during the estimation of drug
Lo c

solutions.

The sccond-derivative ZCP’s were considered for their determination over

points for no particular
763.2 and 283.6 nm for HTZ, and at 270.6 and 297.6 nm

First-derivative reason. The ZCP’s found in the

sccond-derivative mode were
asons of simplicity, only the readings observed at 283.6 nm for PP

Tables 3.39 and 3.42-3.45. However. the

for PP. For the re

and at 270.6 nm for HTZ werc reported n

pe t ecoverics obtained for standard and sample solutions at all reported ZCP’s
rcentage r

were shown in Table 3.40.

I tional rc]ationship between derivative values and concentrations were
[he proportion ' | -
det ined i Second_derivative mode by measuring a series of pure drug (Table 3.39,
clermined 1n
: 23 and mixture solutions (Table 3.39, Series B and D of
Series A and C of [able 3.42 I



Table 3.42). Thus obtained regression equations from the measured values
(Table 3.39) were reported in Table 3.42. The spectra obtained for the mixture
solutions were presented in Figures 3.32 and 3.33. It was interesting to note that all
the lines converge to the zero-crossing wavelengths (i.e. distinct isosbestic point) of
PP (Figure 3.32) and HTZ (Figure 3.33) that confirmed the non-interference of one
drug in presence of the other. In addition, the measured heights were also proportional

to their respective concentrations and the measured values have not shifted from their

point of measurement.

The mutual independence of analytical signals at their wavelength of estimation was
confirmed by mixture intcraction study performed in first-derivative mode. This was
done primarily to check the suitability of this derivative order for the determination
from mixtures. It was demonstrated {rom reported results (Figure 3.34) that the
varving concentration of HTZ (5-35 pg/ml) did not interfere up to 20 pg/ml in the
estimation of PP (10 pg/ml) at 272.2 nm (Figure 3.34A). Similarly, the varying
concentrations of PP (5-40 pg/ml) did not interfere up to 25 pg/ml in the estimation of

HTZ (6.25 pg/ml) at 252.6 nm (Figure 3.34B). Thus, the proposed concentration

ranges for standard solutions of PP and H
aintaining concentrations of PP at 10 pg/ml and for HTZ at

TZ were ideal and accurate determinations

would be possible by m

0.25 png/ml.

In RC method, the first- and second-derivative spectra of standard and sample

solutions were recorded against suitable solu
st-derivative minima to maxima, second-derivative maxima to

tions (as discussed in procedure). The

different ratios like fir

minima and second-derivative
(as reported in Tables 3.40 and 3.41) were compared between pure

to first-derivative maxima from the measured

absorbance values

drug solutions and mixtures at the balance point (Tables 3.40 and 3.41).
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The statistical analysis of data achieved in second-derivative mode suggested that, the
mecan derivative absorbance values together with standard deviation, coefficient of
variation and the standard error were small (Table 3.39). Thus, it showed the precision
of the method. The percentage ratio of residuals showed random scatter about the
best-fit line. The calculated values of F-test for non-linearity [97] indicated that such

random distribution was not significant at 5% level (Table 3.39) and thus established

the lincarity of calibration points in the proposed concentration range.

The different mean ratio absorbance values calculated for pure drug solutions and
mixtures were reported in Tables 3.40 and 3.41. The identical ratios obtained in cach

instance sueeested that there were no interferences in the measurement of one drug in

presence of the other and also reproducibility of the method. This was clcar from the

values of standard error and coefficient of variation (Tables 3.40 and 3.41).

The lincar regression cquations generated with the mean absorbance values of

standard solutions were shown in Tables 3.42 and were similar. This similarity

associated with correlation coefficients and standard error involved with each

intercept, slope and cstimate suggested that there was no interference in the estimation

of one drug in presence of the other. Further, the linearity was confirmed by
p=/

performing a one-way ANOVA test [98] with three replicates per calibration point.

The values considered were the lowest and hi
pure drug concentration during the replicate measurement.

ghest variation observed from the mean

absorbance values of each
The reported F-values in Tables 3.43 and 3.44 at 5% significance level suggested that

the variance was uniform throughout the line and thus the calibration lines were linear.

The reported slope values with zero intercept on ordinate for PP and HTZ solutions

fall within the 95% confiden

intercepts of regression equations did no
08] values, which were highly significant at 5% level

ce limits (Table 3.42) and thus demonstrated that the

t deviate from the origin. Further, the

calculated Student’s f-test [
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suggested the positive corrclation established between the measured values and

concentrations.

The proposed method was validated according to the procedurcs described in

US.P. 23 and the results obtained were reported in Table 3.45. The limit of detection

(LOD) and limit of quantitation (LOQ) [1,97] were calculated based on the slope of

L : ,
regression equations obtained in Series A and C of Table 3.42.

' : ine ard solutions and the commercial
The percentage recovery values obtained for stand

preparation by both zero-crossing and ratio-compensation method were reported in

Table 3.46. It was clear from the reported recoveries that they meet the official

requirements (Appendix B) for single and combined drug preparations of both the

drugs. The reported values of a two-way ANOVA test [98] did not exceed the
t}nc;rctical requirement at 5% level confirms that there were no significant differences
thod and between the estimations done by different

ons were stable for 3 hrs in 0.01M NaOH

between the samples of a me
methods (Table 3.40). The prepared soluti

and werc protected {rom light throughout the study.

Tl the proposed derivative methods in either first- or second-order offer a great
1us, the

possibility for resolving the overlapping of spectra. The developed method was found
tob te, simple and precise. The rapidity of these methods compared to reported
o be accurate, -

thods [1,348,349] makes 1t convenient to adapt for routine analysis of the combined
methods [1,343,

preparations.

170



0.750
0.500
@
(&)
c
O
0
|
O
n
0
<
0.250
| I
230 240 260 280 300

Wavelength (nm )

a of (a) propranolol HCI (10 pg/ml),

Figure 3.29 Absorption spectr
(6.25 pg/ml) and (c) their mixture in

(b) hy(lrochlorothiazidc
0.01M NaOlL



0.200

0 -175

0.150

0.125

0.100
Q
=z
o
20.075
= 272.2 nm
o
uo.oso 252.6
wn nm
R
T 0.025
0.000
249.4nm
-0.025 288.4nM
T B B
230 240 260 280 300

Wavelength (nm)

spectra of (@) hydrochlorothiazide

F irsl-(lcrivativc
proprauolol HCl (10 pg/ml) in

6.25 pg/ml) and (b)
0.010M NaOlL

Figure 3.30



0.100
b

0.075 |

0.050
Q
2z
@) L
S 0.025
= a 283.6nm
Q
© 270.6nm
o ; )
S 0.000
(& /
@ 263.2nm
v

—0.025 297.6nm
| [ | | |1
280 300

230 240 260
Wwavelength (nm)

of (a) hydrochlorothiazide

Sccond—dcrivntive spectra
' anolol HCI (10 pg/ml) in

(6.25 pg/ml) and (b) propr
0.01M NaOIlL.

Figure 3.31



0-175

0150 |—

0.125 |—

0-100 |—

0.075 |~

0.050 I~ 297.6nm

0.025 |

Second derivative

0.000

-0.025 |~

270.6nm
| ] ] l | |

230 240 260 280 300
wavelength (nm)

3.32 gecond-derivative spectra of propranolol HCI (5, 7.5, 10, 12.5
and 15 pg/ml) and hydrochlorothiazide (6.25 pg/ml) in

0.01M NaOIll in curves 1-5, respectively.

Figure



0.125
0.100
0.075
) 0-050 —
2z
©
2
v 0.025
Q
g
O
c 0.000
o
Q
@
w
~-0.025
§283.6nm
-0.050 [~
T | 1
230 240 260 280 300

Wavelength (nm)

ative spectra of hydrochlorothiazide 5, 6.25, 7.5,
proprnnolol HCl (10 pg/ml) in

respectively.

Figure 3.33 Second-deriv
8.75 and 10 pg/ml)) and

0.01M NaOH in curves 1-5,



18 oo o A
rv":Q N
aRPAS
O =
o
1 1 1 | 1 | i
10 20 30

Conc. of HTZ (ug/ml)

i B
% 10f /
IO U —
S o
1 | L ] | ] 1 |
10 20 30 40

Conc. of PP (ug [ml)

First-derivative interaction graphs for (A) propranolol HCI
(10 pg/ml) in mixture with hydrochlorotllinzidc (at 272.2 nm)
and (B) hydrochlorothiazide (6.25 pg/ml) in mixture with
propranolol IICI (at 252.6 nm) in 0.01M NaOH.

Figure 3.34



Table 3.39: Selectivity of the method for the simultaneous determination of PP and

HTZ in standard solutions by second-derivative spectrophotometry

o(f (t)l?zpszslﬁ:?onn abs::;::cc ? 0(150\?:5?;::;:1 St:;l:)?‘d ias;:iougf nol;-tl‘?St for
(ng/mi) value (D2) (%) (%) mnearity
( PP at 283.6 nm.
PP HTZ HTZ at 270.6 nm) Cale Crit®
5.0 0  0.0041 = 0.0001 1.52 0.0001  99.15 046  3.86
7.5 0 0.0063 + 0.0001 1.26 0.0001 100.32  0.29
10.0 0 0.0085 % 0.0001 1.56 0.0001  100.23  0.10
12.5 0 0.0107 +0.0001 1.02 0.0003 10036  0.16
15.0 0  0.0129+0.0002 1.51 0.0001  99.66  0.05
50 625 0.0042 +0.0001 2.06 0.0001 9882  0.93
75 625  0.0063 +0.0001 1.86 0.0001  99.86  0.49
100 625  0.0085 +0.0001 1.86 0.0001  100.93  0.27
125 625 0.0107 £0.0002 1.58 0.0001 100.60  0.24
150 625  0.0131£0.0002 1.85 00001 9934 0.1
0 5.00 0.0220 +0.0003 1.65 0.0001  101.17 079 386
0 6.25  0.0285 +0.0006 2.31 0.0002 9938  0.24
0 750  0.0344 +0.0005 1.70 0.0001  99.72 0.30
0 8.75  0.0406 £ 0.0005 1.38 0.0002 9921 033
0 10.00  0.0460 + 0.0005 1.27 0.0002 100.71  0.31
10.0 500 0.0220 £ 0.0004 2.02 0.0001  100.99  0.22
100 625 0.0284 +0.0003 0.99 0.0001  99.18  0.54
100  7.50  0.0342x0.0002 0.73 0.0001  99.61  0.69
100 875 0.0399 +0.0007 1.70 0.0002 10022 0.09
100 10.00 0.0459+0.0004 0.88 0.0001 100.12  0.26

' Average of ten determin
b . Theoretical value of F(3.,9)

ations with standard deviation.
at P = 0.05 level of significance.
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Table 3.40: Selectivity of the method for the determination of PP in presence of HTZ
in standard solutions by first- and second-derivative ratio-compensation

a . .
- Average of ten replicate determinatio

*

method

Composition of Ratio Mean ratio * Standard Coefficient

solution (pg/ml) absorbance value error of variation
PP HTZ (%)
5.0 0 D1(271)/D1(237)  0.101+ 0.002 0.0006 1.78
7.5 0 0.101 0.002 0.0005 1.49
10.0 0 0.101+ 0.001 0.0004 1.26
12.5 0 0.101% 0.002 0.0005 1.39
15.0 0 0.103+ 0.001 0.0003 0.89
- - 0.101+0.001 = 0.0004 0.78
100 6.25 0.102+ 0.001 0.0003 0.94
5.0 0 D2(287)/D2(245.6)  0.109+ 0.001 0.0004 118
7.5 0 0.110 0.001 0.0004 0.59
10.0 0 0.110 £ 0.001 0.0001 0.34
12.5 0 0.109 + 0.002 0.0005 1.43
15.0 0 0.109 + 0.001 0.0004 1.22
- - 0109 +0.001 " 0.0002 0.37
100 6.25 0.109 +0.001 0.0004 1.18
5.0 0 D2(245.6)/D1(237)  0.508 + 0.001 0.0013 0.81
7.5 0 0.509 % 0.002 0.0007 0.46
10.0 0 0.509 + 0.005 0.0014 0.89
12.5 0 0.510 £ 0.003 0.0010 0.64
15.0 0 0.510 + 0.003 0.0011 0.68
- - 0.509 +0.001 " 0.0005 0.19
L 100 6.25 0.509 + 0.003 0.0009 0.60

ns with standard deviation.

: Average ratio of pure d

rug solutions.
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Table 3.41: Selectivity of the method for the determination of HTZ in presence of PP
in standard solutions by first- and second-derivative ratio-compensation

method

Composition of Ratio Mean ratio * Standard Coefficient

solution (pg/ml) absorbance value error of variation
HTZ PP (%)
5.00 0 D1(263)/D1(284)  0.574 £0.007 0.0022 1.21
0.25 0 0.574 = 0.004 0.0014 0.75
7.50 0 0.576 = 0.008 0.0024 1.33
S.75 0 0.577 £ 0.009 0.0027 1.50
10.00 0 0.576 + 0.009 0.0029 1.60
- - 0.575+0.001 " 0:0006 0.23
6.25 10 0.575 +0.005 0.0015 0.84
5.00 0 D2(291) / D2(274) 0.624 + 0.004 0.0014 0.69
6.25 0 0.624 + 0.003 0.0008 0.42
7.50 0 0.625 + 0.003 0.0008 0.41
8.75 0 0.626 % 0.003 0.0011 0.54
10.00 0 0.624 + 0.003 0.0009 0.49
- - 0.624 + 0.001 ’ 0.0003 0.10
6.25 10 0.622+0.004  0.0011 0.58
5.00 0 D2(291)/D1(284)  0.424 +0.009 0.0029 217
6.25 0 0.424+0.005  0.0016 122
750 0 0.425+0.005  0.0017 128
8 75 0 0.425 + 0.005 0.0017 1.23
10.00 0 0.424 +0.005 0.0017 1.28
- . 0.424 + 0.001° 0.0002 0.10
6 75 0 0.422 £ 0.004 0.0013 1.00

tions with standard deviation.

AVeraLe of ten replicate determina

: Average ratio of puré drug solutions.

*



Table 3.42: Regression analysis for the determination of PP and HTZ in standard solutions by second-derivative spectrophotometry

Composition of Regression equations 2 Corr. Standard crror 95% Confidence Slope Student ¢ -
Sample solutions (pg/ml) coeff. interval without test for
(at 283.6 nm for PP intercept corrclation
PP HTZ at 270.6 nm for HTZ) Intercept Slope Estimate Intercept Slope Cale Crit b
Series A S-15 0 Y =8.81E-04.X - 2.89E-04 0.9999  581E-05

SAS8E-06  4.30CE-05  4.80E-04,  S.63E-04,  8.64F-04
1.001:-04 8.98L-04 3.18

Series B 5-15 6.25 Y =8.94E-04.X - 4.03E-04 09998 1.09E-04 1.04E-05  8.19L-05 -7.70E-04, 8.60E-04, 8.71L-04 87

-4.10E-05  9.29E-04

Series C 0 5-10 Y =4.80E-03.X - 1.75E-03 09996 6.31E-04  8.18E-05 3.25E-04 -3.76E-03, 4.54E-03, 4.63E-03 61

2.53E-04  5.006E-03

Series D 10 5-10 Y =4.76E-03.X - 1.58E-03 09998 4.03E-04  5.23E-05 2.08E-04 -2.87E-03, 4.59E-03, 4.60E-03 87

-2.99E-04  4.92E-03

* : Based on five calibration values; X = Concentration of drug in pg/ml.
P Theoretical value of *#’ at P =0.05 level of significance with 3 d.f.
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Table 3.43: One-way ANOVA test for linearity of pure PP solutions

Source of Degrees of Sum of squares Mean sum of R F.. *
variation freedom (SS) squares (MS) ale Crit
Regression 1 | .45E-04 1.45E-04
0.053 371
[Lack of fit 3 6.51E-09 2.17E-09
Within line 10 4.12E-07 4.12E-08
Total 14 1.45E-04

cat P = 0.05 level of significance.

Table 3.44: One-way ANOVA test for linearity of pure HTZ solutions

Source of Degrees of Sum of squares Mean sum of Feale Ferc*
variation freedom (SS) squares (MS)
Regression 1 1.08E-03 1.08E-03
) 0.422 3.71
lLack of fit 3 9.30E-07 3.10E-07
Within line 10 7.34E-06 7.34E-07
Total 14 1.09E-03
) ificance.

“at P = 0.05 level of sign



Table 3.45: Validation report for the determination of PP and HTZ in
standard solutions by second-derivative spectrophotometry

Analvtical
parameter

Results

Pp
(283.6 nm)

HTZ
(270.6 nm)

Accuracy ("o)

99.93 =0.58

09.77 £ 0,82

Precision (o)

99.33
99.33
100.00
100.50
100.50
RSD: 0.58

99.04
99.36
99.36
100.00
101.11
RSD: 0.82

Spectficity

A 10 pg/ml of PP and

6.25 pg/ml of HTZ mixture
solution will show an
absorbance value (D2) of
0.008 £ 0.0001

A 6.25 pg/ml of HTZ and
10 pg/ml of PP mixture
solution will show an
absorbance value (D2) of
0.028 = 0.0003

LOD (pg/ml)

LOQ (pg/ml)

Linearity (pg/ml)

Ruggedness (7o)

0.15 0.21
0.49 0.68
- 5-35 5-20
09.93 £ 0.58 99.77 +0.82
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Table 3.46: Results of the assay of pure drug admixtures and commercial formulation of PP

spectrophotometry

ind HTZ by first- and second-derivative

Drug Name Label

Claim

Recovery (%) *

(mg/ tab.)

Z.CP Method

F-test for Mean Recovery

Cale Crit"
RC Method
Samples Methods S:llnplcx1 .\lt'lhml\:
PP D2(263.2 nm)  D2(283.6 nm) DIRTH /DL 23T) D2287)/ D2(245.0) D2(245.6) / D1(237)
Pure drug 99.63 99.99 100.26 100.02 09.86
admixture +1.09 +0.71 + 0.58 +0.67 +(.42
287 0.72 Flah 6.39
99.70 99.25 99.78 99.09 100.06
Brand HX 40 +1.33 +0.97 +1.10 + (.68 + (.40
HTZ D2(270.6 nm)  D2(297.6 nm)  DI(263)/ D1(284) D2(291) / D2 (274) D2(291) / D1(284)
Pure drug 100.11 99.73 100.17 99.76 99.64
admixture _ +0.48 +0.59 +0.49 +0.51 +0.45
0.23 0.28 .71 6.39
99.88 99.73 99.30 100.13 9985
Brand HX 75 +0.89 +0.59 +1.41 +0.37 +0.64
. Mean and standard deviation for six determinations.

" - Theoretical value 0FF(I,4)+ and F(4,4)ic based on two-way ANOVA test at

P =0.05 level of significance.
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3.9 SIMULTANEOUS DETERMINATION OF ATENOLOL AND
AMILODIPINE BESYLATE IN COMBINED TABLET PREPARATIONS
BY FIRST-DERIVATIVE SPECTROPHOTOMETRY

The combination of atenolol (ATL) and amlodipine besylate (AMD besylate) as a

tablet preparation is widely used for treatment of hypertension and angina. There are

various reports for the individual assay of ATL, which includes capillary zone

clectrophoresis [371]. flow injection fluorimetry [372], ultraviolet [373], GC [374],

and HPL.C methods [375]. The various reports for estimation of ATL in combination

of other drugs [214.215.350—352,370.377] including AMD [377] were also available.

The last mentioned report employed a HPLC method for its determination. Similarly,

the literature reports for individual assay of AMD includes HPLC [378,379] and
colorimetric [380.381] method. There are also few reports for AMD in combination of
other drugs [377. 382]. The B.P. 1993 and I.P. 1996 prescribe potentiometric titration
method for ATL as pure drug and ultraviolet method for its determination from solid
dosage forms. However, N0 such reports are available for AMD besylate in above
threc monographs. The objective of this work was to propose a first-derivative
drugs from two combined tablet

spectrophotometric method for estimation of these

preparations without prior separation.

Materials and Reagents

odipine besylate (Torrent, India) were obtained as gift

Atenolol (Lupin, India) and aml
and hydrochloric acid (Qualigens, India) of

samples. Methanol (Qualigens. [ndia)

analytical grade were used.

Standard Solutions ‘ . |
f ATL was prepared by dissolving 5 mg of pure drug in 10 ml
ounts of the stock solutio

.O.IM HCI to give a series of

The stock solution 0 |
met} 1. A iate am n were transferred into 10 ml
hanol. Appropriat€ «

- with
volumetric flasks and volumes WCIC made up
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solutions containing 15-30 pg/ml of ATL. Similarly, the stock solution of AMD was

prepared by dissolving 6.93 mg of AMD besylate (equivalent to 5 mg of active AMD)

in 10 ml methanol. Appropriatc amounts of the stock solution were transferred to

10 ml volumetric flasks and volumes were made up with 0.1M HCl to give a series of

solutions containing 2.5-10 pug/ml of AMD (present as AMD besylate). A two series

of 10 ml mixture solutions were also prepared from the above stock solutions. The

first-serics contained a constant concentration of AMD (2.5 png/ml) and a varying
concentration of ATL (15-30 ng/ml). The second series contained a constant

concentration of ATL (25 pg/ml) and a varying concentration of AMD (2.5-10 ug/ml).

Interaction Study
Two separate series of mixture solutions were also prepared from fresh stock solutions
according to the above mentioned procedures. The first SErics contained a constant

2.5 pg/ml) and a varying concentration of ATL (10-80 pg/ml).

a4 constant concentration of ATL (25 pg/ml) and a

concentration of AMD (

While. the second series contained

varying concentration of AMD (5-35 pg/ml).

Method Validation
a. Accuracy and Precision
andard and test SO

stock

Five separate st lutions of ATL (25 pg/ml) and AMD (2.5 pg/ml)
were prepared from the fresh solutions according to the above mentioned

procedures.
b. Linearity

Scparate series of solutions of ATL (5-40 pg/ml) and AMD (1-60 pig/ml) were

the stock solutions meant for method validation.

prepared from
C. Specificity
Series of five

(2.5 pg/ml) were prepared fr

mixture solutions of each containing ATL (25 pg/ml) and AMD

om the stock solutions meant for method validation.



Sample Preparation

Twenty tablets of each brand (IX and 1Y) were accurately weighed, well powdered
and a powder weight equivalent to 25 mg of ATL (and 2.5 mg of AMD present as
AMD besylate) was dissolved n methanol by thorough mixing and made up to
volume in a 50 ml volumetric flask. The samples were filtered through Whatman

filter paper No.1. The first and last 5 ml of the filtrate were discarded. Appropriate

volumes aliquots of filtrate were diluted with 0.1M HCI to give a concentration of

25 ng/ml of ATL and 2.5 pg/ml of AMD.

Procedure
The absorbances of sample and standard solutons of ATL and AMD were recorded

from 220-300 nm against the blank solution. The first-derivative spectra for each set

of ATL and AMD were subsequently recorded using A = 5 points [138] and no
smoothing was necessary. The absorbances of the solutions were measured at the

ZCro-crossing wavelength of other drug in each instance.

Results and Discussion

The normal spectra of ATL and AMD were found to be overlapping (Figure 3.35).
The methods discussed previously [5-13] could not be proposed as there was no
significant separation of peaks in the range of measurement. The ph-andused
[14] could not be adopted as a method of choice

difference spectrophotomctric method
looks similar in presence o

red isosbestic points for the simultaneous

due to spectra of purc drugs f acid and alkali buffer systems
not provide the requi
t-derivative spectrop
(AMD) in presence of major component (ATL) with

and thus it will
hotometric method was adopted to

determination. Hence, @ firs

resolve the minor component

addition, th
h maxima of other d

c 7ero-crossing points (ZCP’s) of the pure drugs were

spectral overlap. In
rug, which facilitated their simultaneous

nearer to the wavelengt

determination (Figure 3.30).
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The zero-crossing wavelengths considered for the determination from standard and
sample solutions were at 239.0 nm for ATL, and at 250.0 and 273.4 nm for AMD.
For simplicity, the measured values of AMD at 250.0 nm were only reported in tables
related to method suitability (Tables 3.47, 3.48, 3.50 and 3.51). But, the recoveries

obtained for mixture solutions at both the estimated wavelengths were reported in

Table 3.52.

A scries of pure drug (Table 3.47, Series Aand C of Table 3.48) and mixture solutions
(Table 3.47. Series B and D of Table 3.48) were examined at the zero-crossing

wavelengths of the other drug to study the proportionality of derivative values to its

concentrations. The regression cquations obtained from such measured values

(Table 3.47) were reported in Table 3.48. The derivative spectra obtained for mixture

solutions demonstrated the presence of distinct isosbestic points at 250.0 and 273.4 nm

(Figure 3.37) for ATL and at 239.0 nm (Figure 3.38) for AMD which suggested the

non-interference of one drug in presence of other.

The mutual independence of analytical signals of standard solutions in the proposed

concentration range was determined by a mixture interaction study. It was clear from
the reported resulls (Figure 3.39) that the varying concentrations of ATL
(10-80 pg/ml) did not interfere up to 65 pg/ml in the estimation of AMD (2.5 pug/ml)

at 250.0 nm (Figure 3.3
(5-35 pg/ml) did not interfere up
239.0 nm (Figure 3.39B)- Thus, the €

for both drugs were ideal to obtain the a

9A). Similarly, the varying concentrations of AMD
to 20 pg/ml in the estimation of ATL (25 pg/ml) at
arlier considered working concentration ranges

ccurate determinations.

The statistical analysis of data achieved by first-derivative method for standard
gocsted that the mean derivat
=

tion and the standard erro

thod was highly reproducible (Table 3.47). The percentage ratio

jve values along with standard deviation,

solutions su o
r were minimum and thus demonstrated

coefficient of varia

that the proposed me
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of residual values were found within 0.5% indicating that the calibration points were
linear wi > best-fit line i c i :
car with the best-fit line in the proposed concentration range. This was confirmed

also from the calculated F-values for non-linearity test [97] which were less than the

critical value at 5% significance level (Table 3.47).

The linear calibration lines obtained for pure drugs and mixtures were similar. This
was evident from the reported correlation coefficients and standard error involved with
intercept, slope and the estimate (Table 3.48). A one-way ANOVA test [98] was also
conducted with three replicate values per calibration point including the lowest and

highest variation observed from the mean derivative values of each drug concentration
during their replicate measurement. The calculated F-values were less than the
theoretical value at 5% significance level (Tables 3.49 and 3.50) suggested the

homogeneity of variance within the calibration lines.

The reported slope values without intercept on the ordinate were within the 95%

confidence limits (Table 3.48) and thus demonstrated that regression equations of

standard solutions did not deviate from the origin. In addition, the results of Student’s

t-test for correlation were also significant to indicate the positive correlation between

measured values and concentrations.

The developed method was validated according to the procedures described in
U.S.P. 23. The results of the study were reported in Table 3.51. The limit of detection

quantitalion (LOQ)
Series A and C of Table 3.48).

(LOD) and limit of [1,97] were obtained from the slope of

regression equations (

The percentage recoveries obtained with standard and sample solutions of ATL and
=

Table 3.52. The recoveries of ATL have met the official

AMD were reported 10
endix B). Whereas, t

1993 and LP. 1996, but the recoveries match with the

_ he prescribed limits for AM i ‘
requirements (App 2 F D were not

available in U.S.P. 23, B-F:
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labeled claim. The calculated F-values of a one-way ANOVA test [98] were less than
the critical value at 3% level and thus showed no significant differences between the
recoveries of ATL solutions. Similarly, a two-way ANOVA test [98] for AMD
solutions suggested that therc were no differences between recoveries found at
different zero-crossing wavelengths and also among the solutions measured at a

particular ZCP (Table 3.52). The prepared solutions were stable for 3 hrs in 0.1M HCI.

Thus the proposed method succeeded in measuring the concentration of a minor

component in a two-component mixture with overlapping spectra. The developed

method was found to be accurate and precise. The rapidity and simplicity of the

proposed method over reported method [377] makes it convenient for routine analysis

of the combined prcp'dr&lions-
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l'able 3.47: Selectivity of the method for the simultaneous determination of ATL
and AMD in standard solutions by first-derivative spectrophotoinetr\.

COmpoiion e givargin oo ool uonlBeng
(g/ml) value (D1) (%) (%) arity
{ ATL at 239.0 nm,

ATL AMD  AMDat 250.0 nm) Cale s
15 0 0.0233%0.0006 2.37 0.0002  99.63 006  4.26
20 0 0.03110.0009 2.56 0.0003  100.23  0.03
25 0 0.0390 = 0.0007 1.89 0.0002  100.30  0.03
30 0 0.0472=0.0001 2.40 0.0003  99.78  0.02
15 2.5 0.0233 £0.0002 0.98 0.0001 99.53 0.40
20 25 0.0310%0.0004 1.48 0.0001  100.50  0.09
25 2,5 0.0391£0.0007 177 0.0002  99.99  0.04
30 2.5 0.0470 +£0.0008 1.70 0.0002  99.89  0.03
0 2.5 0.0057 £0.0001 2.52 0.0001 99.12 026 496
0 50  0.0107£0.0002 1.59 0.0001 10042 0.19
0 7.5 0.0156 £0.0003 2.04 0.0001 10038 0.05
0 10.0  0.0208 +0.0002 0.84 0.0001 99.73 0.18
25 2.5 0.0057 %0.000] 2.57 0.0001 10022 0.08
25 50 0.0107%0.0001 1.09 0.0001  100.05  0.14
25 75 0.0158 =0.0004 2.40 0.0001  99.67 0.0l
25 100 0.0208 £ 0.0003 1.48 0.0001 100.15 0.02

1 standard deviation.

ons witl

" Average of ten determinatl iati
at P=0.05 level of significance.

b . Theoretical value of F(2,9)



Table 3.48: Regression analysis for the determination of ATL and AMD in standard solutions by first-derivative spe

ctrophotometry

Composition of

. Regression  equations a Corr. Standard error 95% Confidence Slope Student ¢ -
Sample solutions (pg/ml) cocff. interval without test for
(at 239.0 nm for ATL intercept correlation
ATL AMD at 250.0 nm for AMD) Intercept Slope Estimate Intercept Slope Cale crit®
Series A 15-30 0 Y = 1.59E-03.X - 7.30E-04 09999 2.74E-04 1.18E-05  1.33E-04  -1.91E-03. 1LS4E-03,  1.571-03 100
4.48LE-04 1.64E-03 4.30
Series B 15-30 2.5 Y =1.59E-03.X - 5.86E-04 09999 28B8E-04 1.24E-05 1.38E-04 -1.82E-03, 1.53E-03. 1.56FE-03 100
6.511-04 1.641-03
Series C 0 25-10 Y =2.00E-03.X-06.25E-04 09999 O.19E-05 1.24E-05 7.46E-05 3.49E-05, 1.93E-03, 2.06E-03 100
1.1615-03 2.10E-03
Series D 25 25-10 Y =2.00E-03.X-7.10E-04 0.9999 S547E-05 S8.00E-06 437E-05 3.44E-04, 1.94E-03,  2.06E-03 100
1.14E-03 2.10E-03

* . Based on four calibration values; X = Concentration of drug in pig/ml.
" Theoretical value of ‘¢’ at P =0.05 level of significance with 2 d.f.
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Table 3.49: One-way ANOVA test for linearity of pure ATL solutions

Source of Degrees of Sum of squares Mean sum of Feu oo
variation freedom (SS) squares (MS) ale Crit
Regression l 9.45E-04 9.45E-04
0.087 4.46
Lack of fit 2 2.78E-07 1.39E-07
Within line 8 1.28E-053 1.60E-06
Total 11 9.58E-04
“at P =0.05 level of significance.
Table 3.50: One-way ANOVA test for linearity of pure AMD solutions
Source of Degrees of  Sum of squares Mean sum of Feate Feric
variation freedom (SS) squares (MS)
Regression 1 3.75E-04 3.75E-04
0.614 4.46
e 2F-
[.ack of fit 2 1.18E-07 5.92E-08
Within line 8 771E-07 964E'08
Total 1 3.76E-04
-

—
*

“at P = 0.05 level of signi

ficance.
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Table 3.51: Validation report for the determination of ATL and AMD in
standard solutions by first-derivative spectrophotometry

Analvtical
parameter

Results

ATL
(239.0 nm)

AMD
(250.0 nm)

Accuracy (%) 09.87 +0.76 99.73 £ 0.95
99.23 98.24
Precision (o) 99.23 99.56
99.61 100.00
100.25 100.00
101.02 100.85
RSD: 0.76 RSD: 0.95

Specificity

L.OD (ng/ml)

LOQ (pg/ml)

Linearity (pg/ml)

(L

Ruggedness (7o)

e —

A 25 pg/mlof ATL and
2.5 ug/ml of AMD mixture
solution will show an
absorbance value (D1) of
0.039 = 0.0007

A 2.5 pg/ml of AMD and
25 pg/ml of ATL mixture
solution will show an
absorbance value (D1) of
0.005 = 0.0001

99.87 = 0.76

0.25 0.11
0.84 0.37
e
5-40 1-60
99.73 £ 0.95
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Table 3.52: Results of the assay of pure drug admixtures and commercial formulations of
ATL and AMD by first-derivative spectrophotometry

99

F-test for Mean Recovery

. Theoretical value of F( ) ‘
(2,2) and F(

T+

" Theoretical value of F
significance.

" Mean and standard deviation for five
2.12) based on onc+-
1,2)* based on W

a
Drug Name [.abel Recovery (%)
Claim Cale Crit
(myg/tab.) Samples Methods Samples Methods
\TL D1(239.0 nm)
Pure drug ; 09.79 + 0.85
admixture
2.69 - 3.89 B}

Brand 1X 50 100.44 + 0.44
Brand [Y 50 99.46 + 0.66
AMD D1(250.0 nm) D1(273.4 nm)
Pure drug ) 100.13 9819;;
admixtur +0.63 +1.2 ; |
admixture e g o o
W
Brand [X 5 09.99 99 7;
+0.74 +0.22
Brand 1Y 5 100.19 100.17
+0.83 +0.79
R determinations.

way ANOVA testal P = .05 level of significance.
o-way ANOVA testat P =0.05 level of
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The combination of ini
R mbl:l 1;:]\?2;)11]0 besylate (AMD besylate) and enalapril maleate (EP
There are various repor 1’ Ll}.' used for the treatment of hypertension of mixed ori ?,\‘1)
375381 CO; lr'ts d.vallnl?lc for individual assay of AMD as single };I.C 0'1%111.
SbUN lfl )1:1ai1011 of other drugs [377,382] including the EPM [3§jrauon
I LI')O'I[- [382] employed a HPLC method for their determinatio 2 The
ultraviol Illjjjs available for the individual assay of EPM as pure dn:o 'n-[ -
0 cl 383]. HP 5 e ¢ 1mnclude
et ot ’u? _I'I;LC [384]? IR.[JSD] and colorimetric methods [386]. The s
s e ¢ d’l able for estimation of EPM in combination of other dr re
353.387-389]. The US.P. 23 and LP. 1996 both reported HPLC m tlr dmgs
cthod for

EPM a
M as pure drug and from I -
r pure drug and from its solid dosage form. There are no sucl
or AMD in offici: 2 1 reports availabl
| fficial monographs [1-3]. The objective of this work was to d €
simple and rapid first-c ¥ /as to develop
apid first-derivative spectrophotometric method for determinati i
ation of thes
B

dI'L]U - :
us from combined tablet preparations.

Materi
Iaterials and Reagents
India) and enalapril mal '
eate (Nicholas, Indi
, India) wer
¢

Amlodipine besylate (Torrent,
ctha =) a) a 3 oric acid

e ;
btained as gift samples.

(Quali ; - :
Qualigens, India) of analytical grade were used.

Standard Solutions

glqe stock solutions of pure drugs were prepared separately by dissolving 5
“PM and 6.93 mg of AMD besylate (€ g > mg of
d made up 10 volume W

quivalent to 5 mg of active AMD) in a 10
¢ ml

ith methanol. Appropriate volume aliq
uots

Vv .
olumetric flasks an
1] volumetric flask
and volu
mes were

ere transferred into 10 nn

of ;
the stock solutions W
o give & series of solutions containing 5-15

ug/ml of AMD

made up with 0.1M HCI't
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(present as AMD besylate) and 10-20 pg/ml for EPM. Two series of 10 ml mixture
solutions were also prepared from the stock solutions. The first series contained a
constant concentration of EPM (10 pg/ml) and a varying concentration of AMD

(5-15 pwg/ml). Similarly, the second series contained a constant concentration of AMD

(10 ng/ml) and a varving concentration of EPM (10-20 pg/ml).

Interaction Study
Two separate series of mixture solutions were also prepared from the fresh stock

solutions according to the above mentioned procedures with each series contained a

constant concentration of one drug (10 pg/ml) and a varying concentration of other

drug (5-35 pg/ml).

Method Validation

a.  Precision and Accuracy
Five scparate standard and test solutions of AMD (10 pg/ml) and EPM
(10 pg/ml) were prcparcd from the fresh stock solutions according to the above

mentioned procedurcs.
b.  Linearity

Separate series of solutions of AMD (2.5-25 pg/ml) and EPM (5-40 pg/ml) were
prepared from the stock solutions meant for method validation.

¢ Specificity .
Serics of five mixture solutions of each containing 10 pg/ml of AMD and EPM

were prepared from the stock solutions meant for method validation.

Sample P ation
ple Prepar (Brand JX) was accurately weighed, well

Twenty tablets of commercial preparatiOH
y quivalent to 10 mg each of AMD and EPM was

Powdered and a powder weight € |
d made up to volume in a 50 m]

orough mixing an

disso] i thanol by th
ved in metha hrough Whatman filter paper No.l. The

as filtered t
Volumetric flask. The sample Was filter
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“[;l ;lnd Ii! [ ].) I) C Q f
S O

filtrate were diluted wi .
; ed with 0.1M HCl to give each a '
h g concentration of 10 pg/ml
g/ml of AMD

and EPM.

Procedure
The zero-orde - )
cro-order spectra of standard and sample solutions were recorded f
d from

—
P l D_j . , . . ~
260 nm against the blank solution. The first-derivative spectra for eacl
d ach set of
AMD ¢ S soluti i
1D and EPM solutions were subsequently recorded using A=10 points [138] i
and no

SMoOo " i AN AQCT r A .
[hlﬂ:.:’ Was necessary. [hL, dbSOIh[lﬂCCS Of Stﬂndard and Sa]n])IC SO]U“OI]S
were

measured » enlected wave - o o . .
1easured at the selected wavelength of determinations in each instance

Results and Discussion

The zero-order spectra of AMD and EPM were found to be overlapping (Figure 3.40)
The methods discussed carlier [5-13] could not be proposed due to two reasons. Th(;
first being lack of significant wavelength maxima within the measured spectra of EPM
in the proposed range of measurcment and the other due to no spectral separation
¢ drugs which were preliminary

cctrophotometric method could not be

between measured pur requirement for utilisation of
above methods. The pH-induced differential sp
considered due to no significant differences between the recorded spectra of pure
drugs in presence of acid and alkali buffer systems. Hence, a first-derivative
hod was proposed to T€
orded spectra yielded zero-crossing points

solve such overlapping (Figure 3.41)

spectrophotometric met
The first-derivative processing ol €
(ZCP’s) only for AMD but not fo
becomes constant ab
posed concentration range (10-20 ng/ml).

¢ the other drug. But, it can be observed that the

ove 245.0 nm (Figure 3.41). This

absorption pattern of EPM

ins same in the pro

behaviour of spectra remd
s were performed at 226.6 nm over 239.0 nm

Thus, the estimations of EPM solution

at former wavelengt
xima of 251.0 nm as the interference

h. Whereas, the estimations of

d
Ue to greater absorbance value
AMD solutions were carried at 1ts wavelength ma
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fr o . i ™ ' :
om other component of drug mixturc was considered to be minimum and also

remains constant at this wavelength (Figure 3.41).

A series of pure drug (Table 3.53. Series A and C of Table 3.54) and mixture solutions

(Table 3.53. Serie . c Tahle 2 & RUT——
le 3.53. Series B and D of Table 3.54) were examined at the above suggested

wavelengths to determine the proportionality existed between the measured derivative

values and concentrations of drug solutions. The regression equations obtained from

measured values (Table 3.53) were reported in Table 3.54. The first-derivative spectra

obtained for the mixture solutions of purc drugs were showed in Figures 3.42 and

3.43. The presence of distinct isosbestic points at 226.6 and 239.0 nm, and followed

at 251.0 nm showed that there were no interferences in the estimation of

by lincarity
AMD in presence of EPM (Figure 3.42). Similarly, the constant absorption pattern at
251.0 nm and followed by lincarity at 226.6 and 239.0 nm demonstrated the
non-interference of AMD in the estimation of EPM (Figure 3.43).

ure interaction study was planned here also to

As described in previous sections, @ MIxt
[ analytical signals at their wavelengths of estimation.

study the mutual independencc O

d results (Figure 3.44) that the varying concentrations of

[t was evident from reporte

both AMD and EPM did not interfere in tl
hus, the chosen concent

1e estimation of other drug up to 25 pig/ml as

ration ranges were ideal and accurate

shown in Figure 3.44. T
determinations werc possiblc by maintaining 4 constant concentration of each

10 jg/ml for both AMD and EPM.

2 obtained by first-derivative method for standard

The statistical analysis of dat
t the deviations asso
and the standard error were minimum and

ciated with measured values like the

solutions demonstrated tha
standard deviation, coefficient of variation
roducibility of the proposed method (Table 3.53). The percentage
n scatter of within 1%

I
[97] suggested that such random scatter of

thus indjcated the rep

ratio of residuals showed 2 rando
on-linearity

from the calibration line. The

Obtained values of F-test for n
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calibration points was not significant at 5% level which confirmed the linearity within

the proposed range.

The linear calibration lines obtained for pure drugs and mixture solutions were
reported in Table 3.54 and were similar. This similarity was also confirmed from the

obtained correlation coefficients and the standard error involved with each intercept,

slope, and the estimate. A one-way ANOVA test [98] was performed to confirm that

there was homogeneity with variance throughout the calibration line. The test involved

three replicates per calibration point includes the lowest and highest deviation

observed from the mean value of each pure drug concentrations during their replicate

1gni 59 level -
measurements. The reported F-values were less significant at 5% level and thus

stronely recommended the  lincarity within the proposed concentration range

(Tables 3.55 and 3.50).

The reported slope valuc with zero intercept on the ordinate fall within the 95%

rval indicated that the intercept valu
1t’s r-test values were highly significant at 5% level

. . es did not deviate from the oriein
confidence inte i

(Table 3.54). The reported Studer

ation between the measured values and concentrations of

suggested the positive correl

drugs (Table 3.54).

The d method was validated according 1o the procedures prescribed in
propose

sults were showed in Table 3.57. The limit of detection

U.S.P. 23 and thus obtained e

ntitation (LOQ) [1,97] were calculated from the slope values of
1a

(LOD) and limit of qu
Series A and C of Table 3.54.

dard and sample solutions of both drugs were

' n
The percentage recoverics of sta

The recovery values of EPM have met the monograph

reported in Table 3.58.
purc drug and 1
for AMD

ts solid dosage form (Appendix B). However,

prescribed limits for " o ot St gl

such limits were not qvailable



with the labeled claim. The reported Student’s /-test [98] values were not significant at
5% level (Table 3.38) confirmed that there were no significant differences between

mean recoveries of standard and sample mixtures of both the drugs. The prepared drug

solutions were stable for 3 hrs in presence of 0.1M HCL.

Thus proposed

The rapidity of proposed method

simultancous determination from the combined preparations.

first-derivative method was found to be accurate, simple and precise.

over reported method [382] makes it useful for their
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Table 3.53: Selectivity of the method for the simultaneous determination of AMD
and EPM in standard solutions by first-derivative spectrophotometry

"1 Average of ten determina
": Theoretical value of F(3.9)

af P

0.05 level of significance.

Composition Mean Coefficient Standard  Ratio of F-test for
of the solution absorbance of variation error residual non-linearity
(g/ml) value (D1) (o) (%)
( AMD at 251.0 nm,
AMD EPM EPM at 226.6 nm) s Gt
5.0 0 0.0099 = 0.0002 2.18 0.0001 99.56 0.19  3.86
7.5 0 0.0148 = 0.0002 1.60 0.0001 100.78 0.16
10.0 0 0.0200 = 0.0003 1.87 0.0001 99.78 0.07
F2.5 0 0.0251 £0.0005 2.14 0.0001 99.67 0.03
15.0 0 ().0300 + 0.0004 1.55 0.0001 100.18 0.04
5.0 10.0 0.0105 +£0.0002 2.61 0.0001 99.75 0.35
7.5 10.0  0.01550.0003 1.93 0.0001 100.38 0.30
10.0 10.0  0.0207 £0.0004 2.00 0.0001 99.30 0.15
[2.5 10.0  0.0254 +£0.0006 2.43 0.0002 100.83 0.07
15.0 10.0  0.0308 £0.0006 2.03 0.0002 99.66 0.07
3 2
0 0.0  0.0128£0.0003 223 0.0001  99.21 0.13 386
100.38
0 125  0.0156=% 0.0003 1.63 0.0001 0.16
0001 100.65 0.07
0 15.0  0.0185£0.0004 2.08 0 . o O
0.0 . 33
0 175 0.0215+0.0002 0.83
1.31 0.0001 99.75 0.10
0 20.0 0.0246 % 0.0003 .
2.61 0.0001 100.26 0.21
10.0 10.0 0.0124 % 0.0003 Z.
2.56 0.0001 100.51 0.15
10.0 125  0.0154% 0.0003
265 0.0001 99.45 0.09
10.0 15.0 0.0186i0.0004 i oo
0006 2.89 0.0002 : 0.06
7 + 0.
e A 006 248 0.0001 10063  0.06
0244 +0.0 —
__l).O Gl L tions with standard deviation.
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Table 3.54: Regression analysis for the determination of AMD and EPM in standard solutions by first-derivative spectrophotometry

Composition of Regression equations Corr. Standard error 95% Confidence interval Slope Student r -
Sample solutions (pg/mby coeff. without test for
( at 251.0 nm for AMD intercept correlation
AMD EPM at 226.6 nm for EPM) Intercept Slope Estimate Intercept Slope Cale Crit b
Series A 5-15 0 Y =2.02E-03.X - 2 44E-04 (0.9999  1.29E-04 1.22E-05  957E-05  -6.535E-04, 1.98E-03,  2.011:-03 122
1.061:-04 2.061:-03 3.18
Series B 5-15 10 Y =2.02E-03.X + 3.62E-04  0.9998  2.19E-04 2.07E-05 1.64E-04 -3 .36E-04, 1.95E-03,  2.04E-03 37
1.06E-03 2.09E-03
Series C 0 10-20 Y = 1.18E-03.X + 8.60E-04 09998 2.01E-04 1.30E-05 1.03E-04 2.22E-04, 1.14E-03,  1.23E-03 87
1.50E-03 1.23E-03
Series D 10 10-20 Y =121E-03.X +290E-04 09996 295E-04 191E-05 1.51E-04 -648E-04, -1.15E-03, 1.23E-03 61
1.22E-03 1.28E-03
. Based on five calibration values; X = Concentration of drug in pg/ml.

" . Theoretical value of ‘" at P = 0.05 level of significance with 3 d.f.

'




Table 3.55: One-way ANOVA test for linearity of pure AMD solutions

213

Suu_rcc.z of Degrees of Sum of squares Mean sum of F )
vartation frecdom (SS) squares (MS) e Fer
Regression l 7.77E-04 7.77E-04
- 0.064 3
Lack of fit 3 6.27E-08 2.09E-08 371
Within line 10 3.27E-06 3.27E-07
Total 14 7.80E-04
- at P = 0.05 level of significance.
Table 3.56: One-way ANOVA test for linearity of pure EPM solutions
Source of Degrees of Sum of squares Mean sum Fcale By
variation freedom (SS) squares (MS) n
Regression 1 2.55E-04 2.55E-04
0.Q93 371
Lack of fit 3 5.46E-03 LAZE-
Within line 10 1.96E-06 1.96E-07
Total 14 2.57E-04

| S

. at P = 0.05 level of significance:




Iable 3.57: Validation report for the determination of AMD and EPM in
standard solutions by first-derivative spectmphotometr.\'

Analytical
parameter

Results

AMD
(251.0 nm)

EPM
(226.6 nm)

Specificity

—______._—-——-——'_-l

LOD (ug/ml)

-

LOQ (pg/ml)

- —

Linearity (pg/ml)

[

Ruggedness (Vo)

A 10 ng/ml of both AMD
and EPM mixture solution

will show an absorbance
value (D1) of 0. 020 + 0.0004

I

Accuracy (%) 100.20 £ 0.76 100.11 £0.63
99.50 99.68
Precision (%o) 99.50 99.68
100.00 100.00
101.00 100.00
101.00 101.20
RSD: 0.76 RSD: 0.63

A 10 pg/ml of both EPM
and AMD mixture solution
will show an absorbance
value (D1) of 0.012 = 0.0003

0.14 0.25
0.47 0.82
2.5-25 5-40

100.20 £ 0.76 100.11 + 0.63

ke
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Table 3.58: Results of the assay of pure drug admixtures and commercial formulation
of AMD and EPM by first-derivative spectrophotometry

I.abel Claim

Recovery (%) "

| Student f-test for Mean Recoverv
Sample (mg/tab.) :
_ AMD EPM Cale Crit"

| AMD EPM (251.0 nm) (226.6 nm) AMD EPM (AMD / EPM)
Pure drug - - 99.92 99.48
admixture +1.21 +1.45

0.40 0.83 2.23

Brand JX 5 5 100.15 100.06
+0.77 +0.92

a .
! © Mean and standard devi
: Theoretical value of ‘f(two-sided)” at

ation for six determinations.
P = 0.05 level of significance with 10 d.f.
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Standard Solutions
The stock solutions of pure ATL, AMH and HTZ were prepared by dissolving 5 mg of
~ g o 0

each of the pure drugs in 10 ml of methanol. Appropriate volume aliquots of ATL and
‘ | an
HTZ were transferred into 10 ml volumetric flasks. The volumes were made up witl
- ith

0.1M HCI to give a series of equimolar solutions containing 15-30 pg/ml of ATL and
= £

7.5-15 pg/ml of HTZ. The dilutions of AMH were prepared by transferring 5 ml of

above prepared stock solution into a 10 ml volumetric flask and diluted to volume

with methanol to give a second stock solution. Appropriate volume aliquots of AMH

were transferred from the second stock solution into 10 ml volumetric flask and
C

volumes were made up with 0.1IM HCI to give a series of solutions containing
=]

1.25-5.0 pg/ml of AMH.

Similarly, three series of 10 ml mixtures of each were also prepared in 0.1M HCI from
the stock solutions. The first series contained a constant concentration of HTZ
(12.5 pg/ml), AMH (1.25 pg/ml) and a varying concentration of ATL (15-30 pg/ml).
stant concentration of ATL (25 pg/ml), HTZ

While, the second series contained a con
ation of AMH (1.25-5.0 pig/ml). Finally, the third

(12.5 pg/ml) and a varying concentr
(25 pg/ml), AMH (1.25 pg/ml) and a

series contained a constant concentration of ATL

varying concentration of HTZ (7.5-15 pg/ml).

Interaction Study
lutions were also prepared from fresh stock

Three separate series of mixture SO

ng a mixture of two drt
a varying concentration as showed in Figure 3.50.

. o 15 with a constant concentration
solutions by considert = e

other as the second component with
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Method Validation
a. Accuracy and Precision

Five separate standard and test solutions of ATL (25 pg/ml), AMH (1.25 pg/ml)

and HTZ (12.5 ug/ml) were prepared from the fresh the stock solutions according

to the above mentioned procedures.

b. Linearity
G aes of solutions of ATL (5-60 ug/ml), AMH (1.25-30 pg/ml) and HTZ

(5-30 ne/ml) were prepared from the stock solutions meant for method validation.

¢. Specificity
Series of five mixture solutions of each containing ATL (25 pg/ml), AMH
(1.25 pg/ml) and HTZ (12.5 pg/ml) were prepared from the stock solutions meant

for method validation.

Sample Preparation i
) of commercial preparation (Brand KX and KY) were

Twenty tablets (or capsules . |
vdered (or mixed) and a powder weight equivalent to

accurately weighed. well poy

25 mg of ATL (corresponds 10 1.25 mg of AMH .
1o and diluted to volume in a 50 ml volumetric flask.
o

and 12.5 mg of HTZ) was dissolved

in methanol by thorough mixir
, Whatman filter paper No.1. The first and

! - AT -ougl
I'he samples were filtered separately throug

e discarded. Appropriate volume a
with a concentration of 25 pg/ml of ATL and

liquots of filtrate were
last 5 ml of each filtrate Wer

diluted with 0.1M HCI to give samples

£1.25 pg/ml of AMH and 12.5 pg/ml of HTZ.
et )

corresponding concentrations

Procedure

The absorbances of standard and s
lank solution. T

ample solutions were measured in the range of
[®

he first-derivative spectra were recorded by
220)- i b
20-380 nm against 2 ‘1o of spectrum was found necessary. The
o

[138] and no smooth

usj — ‘ ‘
i the zero-crossing wavelengths of other two

' asured at
above prepared solutions Were me

drugs,



Results and Discussion
ThC zZe
ero-order spectr
ra r
i p of pure drugs were found to be overlappi
ch makes their si crlapping (Fi
¢ 1€1r Sl . : . g (Figure 3.45
multancous determination difficult by th B S
¢ methods di
1scussed

carlier [5-13] :
5-13]. Apart fror ,
o pé 11 that. there were no successful reports availabl
any three-component mix 7 tlable for handling
I t mixtures for the quantitative determination b ndlg
y these n
) nethods

[5_] ')] \ . .
2]. A graphica o ¢
I | plot method [13] was suggested earlier for the probl
ems related to

three-c
-component mixture
I mixtures. but such methods were time consumin d
g and lack precisi
= precision

The pH-i iy
-induced - e .
cd difference spectrophotometric method could not be used
used due to I
ack

of lter:
aturc supp ——
pport for resolving three-component mixture and also as tl
as the solubili
ibility

of pure ANMH :
AlV will decrcase with an increas 1 94
c In [)H of the solution [3 I
- ] heref:
: ore,

0.IM HCl was us -
o IIIU‘ was used for diluting the pure drugs and mixture soluti
st-derivative spcclropho[omc[ric method was considered for resol TOHS. A

T >solv
0-\ crlapping due to the prescnce of ideal zero-crossing points (ZCP’s) \;ng e
simultancous determination.  The first-derivative wavelengths conside Zr .
cred  were

375.0

5.0 nm for AMH, 308.6 nm for HTZ an

ATL and HTZ at a wavelength of 375.0 nm made it easier f
CdSICT o1

being a ZCP for ATL and AMH

d 243.6 nm for ATL (Figure 3.46). TI
g 46). The

negligible absorption of
H. The wavelength 308.6 nm
[HTZ at this wavelength. In a similar man

ner, a

ation of ATL being a ZCP for

the estimation of AM
did - .

not interfere in the measurement ©
s considered for the determin

Wav

Vavelength of 243.0 nm wa

AMH did not show any appreciable absorption at
at a

H” -

[Z. At this wavelength, the

| .25 pg/ml and thus its contribution to the absorpti
ion

selecte }
ccted concentration level of

d to be negligible (Figure 3.40).

of . )
the mixture was considere

measured derivative values and correspondji
ing
o

e selected zero-crossing wavelengths b
S y

A, C and E of Table 3.60) and

Tl ; :
¢ proportionality between the
h

Concentrations of drugs Were examined at t
Measuring a series of pure dris (Table 3.59 Series
3.59, Series B, D and F of Table 3.60). The regression
tive absorbance va

st-derivative CUIVES obtained for the

ith mean deriva

Quations obtained W
le 3.60. The fir

mj .
Xtures were showed 11 Tab
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.abovc mixture solutions were presented in Figures 3.47-3.49. The prese -
isosbestic points (Figures 3.48 and 3.49), the constant derivative nCGIOFd‘S““Ct
S ative va
[/cm-crossmg wavelengths of drug in determination (Figures 3.47-3.49) a (:li‘ "
r Vievmman Z ¥ dll >
oy linearity at the wavelength of its determination (Figures 3.47-3.49) sl o
there were no interferences in the estimation of one drug in presence of c:::\\’cc; that
Ner druges

and th ' '
us confirmed the proportional relationship between them

hL. mix re 1 I 1 1 ur
ree ; es were conducted 1
ove at a s
[I‘l...lC

wavelene o o 3 :
ngth due to lack of absorbance shown bv either one drug or mo
i S re at other

sclected wavelengths of determination (Figure 3.40). [t was observed from
; . reporte

Mmixture interaction study that the non-interference region for varying COnccmi(:"tcd

i 10ns

of AMH, HTZ and ATL werc existed up to 2.5, 15 and 40 pg/ml respectively at
243.6 nm (Figure 3.50). Thus, the carlier proposed concentration ranges for}tlL

standard and sample solutions were appropriate for their accurate detennin;lions e

A detailed statistical analysis of the data obtained by above methods for standard
ndar

the mean derivative absorbance values obtained for t}
r the

solutions suggested that,

Jutions and their rel

ard error. Thus it indicated the precision of tl
1€

replicate ot
cplicates of standard so ated deviations were small including tl
. g the
cocfficient of variation and the stand
age ratio of residuals showed a deviation of withi
ithin

method (Table 3.59). The percent
1e but from the value

iation about the line was not significant at

0/ . i 5 2
1% about the calibration 11 s obtained through F-test for

non-linearity [97] suggested that such dev
he linearity of calibration points,

5% level and thus demonstrated t

s together with correlation coefficients and standard
r

The linear regression equation
I intercept, slope and

error | :
rror involved with €ac
regression equations of pure drugs and mixtu

Xture

The similarity obtained between

o interferences in the cstimation of one drug in presence of other

€ Ca]ibration Iine was 1 5

ance throughout th

The homogeneity of varl

estimate were reported in Table 3.60.
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out a one-way ANOVA test [¢ i :
ridlided wers The Toaest (98] .\\Ith three replicates per calibration point. The

value of each pure d and highest variation observed from the mean d .Values

H e g s . rative

it (Table (L fUi concentration during the replicate measurement erivative

able 3.59). The reported F-values suggested that variance s o sendard

e seen within the

the propose '
proposed concentration range (Tables 3.61-3.63)

Furthe r
r, the repo 1 I fo
N eported slope values without intercept on the ordinate ATL and AMH
olutions fall withi 5 gg o |
e W 0/ 1 1
ithin 95% confidence limits, which suggested that the 1 N
g 1€ Intercept
pts of

these .
r:SL regression equations did not deviate from the origin (Table 3.60). H
I. I)(.)IIC(J slope values for HTZ solutions required modification of 55‘)?\Vever, such
(1:]11[5 to 99.8% for both purc drug (Slope: 3.23E-04 to 4-67E-04)/U confidence
-. o[-k“: 399F-04 to 4.73E-04). The obtained values of Student’s r-te and mixture
;:mwc}y higher compared o the theoretical value at 5% sionif'lSt [98] were
able 3.60) suggested the positive correlation between me;mr;:;: level
s and

co ot
ncentrations of all three drugs.

The or .
¢ proposed method was validated according to the procedures described
U.S 1, 1 weerbe |
S.P. 23 and the results obtained were reported in Table 3.64. The limit of d )
| etection
tion (LOQ) [1,97] were calculated based on the sl

ope of

(LOD) and limit of quantita
A, CandE of Table 3.60.

reore k - £ £ 1
gression equations obtained m Series

Th '
¢ percentage recovery values obtained for standard solutions and for co
| mmercial
repar : '
preparations with the proposed method were reported in Table 3.65. It was cl
o as clearly

recoveries that

Monographs [1-3] for the individual

way ANOVA test (98]
o significant variat

they have met the limits recommended b
V)

evident from the
se drugs (Appendix B). The obtained

assay of the
F-v;

aluzs of 1 oe: were less than the critical value at 5% level

0 IEVE

ions between the mean recovery val

ues

Suo
ggested that there were n
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of standard solutions and commercial preparations (Table 3.65). The prepared

solutions were stable for 3 hrs in 0.1M HCL

Thus. the above results demonstrated that the proposed derivative method could be
successfully utilised for the simultancous estimation of three-component commercial
drug mixture without any interference. The developed method was found to be
accurate and precise. The simplicity and rapidity of developed method compared to

other reported methods [351,352] will make it convenient for the routine analysis of

pharmacecutical dosage forms.
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Table 3.59: Selectivity of the method for the simultaneous determination of ATL, AMH

and HTZ in standard solutions by first-derivative spectrophotometry

-
Co iti ) , : . )
oo Man | comemy St MR
(Hg/ml) value (D1) (%) (%) earity
£15, anpy mim  AMH At e o
b * HTZ at 308.6 nm) Calc Crit"®
50 0 0.0180 = 0.0003 1.59 0.0001  100.11  0.01 426
20 0 0 0.0241 £0.0003 1.94 0.0001  99.83 0.0l
25 0 0 00300£00007 233 00002 10006  0.01
30 0 0 0.0361 +0.0007 1.96 0.0002 99.99 0.01
15 125 125 0.0181£0.0004 2.12 0.0001  99.82  0.01
20 125 125 0.0240£0.0003 1.35 0.0001  100.15  0.02
25 125 125 0.0300 %0.0005 1.67 0.0001  100.08  0.01
30 125 125 0.0361 £0.0000 1.69 0.0002  99.92 0.1
0 1.25 0  0.0050+0.0001 1.44 0.0001 100.65 039 426
0 250 0  0.0100=0.0002 1.98 0.0001  99.65  0.05
0 375 0  0.0150+0.0002 1.55 0.0001  99.81  0.04
0  so0 0  0.0199=0.0003 1.44 0.0001  100.15  0.02
25 125 12,5 0.0050 £ 0.0001 0.47 0.0001  100.62  3.06
25 250 125 0.0101=0.0001 1.45 0.0001  99.64  0.08
25 375 12,5 0.0151%0.0001 0.87 0.0001  99.85  0.10
25 500 125 0.0200%0.0004 1.89 0.0001 10013 0.0
0 0 75  0.0019%0.0001 0.61 0.0001 9940 163 426
4 0 100 00029+ 0.0001 1.99 0.0001  100.58  0.07
Y 0 125 0.0039:0.0001 2.34 0.0001  100.02  0.03
0 0 150 0.00490.000! 1.24 0.0001  99.87  0.06
25 1.25 75 0.0019 +0.0001 2.65 0.0001 100.51 0.07
35 125 100 0.0029+0.0001 2.11 0.0001 9948  0.05
35 125 125 ooo9x0000t 1Y 00001  100.00 0.3
(25 125 150 0.0049% 0.0001 154 0.0001 10009 0.03
5 with standard deviation.

’ .
- Average of ten determinatlo
© Theoretical value of F(2,9)a

n
tp=00

5 level of significance.
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Table 3.60: Regression analysis for the determination of ATL, AMH and HTZ in standard solutions by first-derivative spe

ctrophotometry
‘ Composition of solutions Regression equations 2 Corr. Standard error 95% Confidenee interval Slope Student r —test
Sample (pg/ml) (at 243.6 nm for ATI. cocll. without for correlation
at 375.0 nm for AMIL ) o intereept
ATL AMU HTZ at 308.6 nm for HTZ) Jierept Slupe Estimate Intereept Sope Cale  Crie”
Series A 15-30 0 0 Y = 1.21E-03.X - 899E-05 0.9999  721E-05  3.11E-06  346E-05  -3.99LE-04, 1.19E-03, 1.20E-03 100
2.9

20E-04 1.221-04
SeriesB  15-30 1.25 12.5

Y = 1.20E-03.X + 3.39E-05  0.9999 8.65E-05 3.7

(FS]

E-06  4.29E-05  -338E-04,  1.18E-03,
4.05LE-04 1.22E-03

—_—

20E-03 100

Series C 0 1.25-5.0 0 Y =399E-03.X + 6.35E-05  0.9999

wn
in

6L:-0

[9)]

1.62E-05  4.50E-05  -1.75E-04,  3.92E-03,

4.00E-03 100
3.02E-04 4.06L:-03
Series D 25 1.25-5.0 12.5 Y =4.00E-03.X +3.35E-05 09999 5.03E-05

1.47E-05  4.14E-05  -1.83E-04, 3.93E-03

. 4.00E-03 100
2.50E-04 4.06E-03

Series E 0 0 7.5-15 Y =303E-04.X-999E-04 09999 3.16E-05 273E-05 1.53E-05 -1.14E-03, 3.81E-04, 3.25E-04 100
-8.63E-04  4.05E-04
Series F 25 1.25 7.5-15 Y =3.98E-04.X - 1.03E-03 0.9999  2.78E-05

240E-06  1.34E-05 -1.15E-03, 3.87E-04, 3.28E-04 100
-9.09E-04 4.08E-04
* - Based on four calibration values; X = Concentration of drug in pg/ml.

" Theoretical value of ‘" at P =0.05 level of significance with 2 d.f.

L€
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Table 3.61: One-way ANOVA test for linearity of pure ATL solutions

Source of Degrees of Sum of squares Mean sum of Fei Fo %
variation freedom (SS) squares (MS) e Crit
Regression 1 5.49E-04 5.49E-04
0.478 4.46
Lack of fit 2 6.78E-07 3.39E-07
Within line 8 5.67E-06 7.09E-07
Total 11 5.55E-04

S al P =0.05 level of significance.

Table 3.62: One-way ANOVA test for linearity of pure AMH solutions

[ f
' Mean sum of Fo. e &
Source of Degrees of Sum of squares Cale Crit
variation roedom (S9) squares (MS)
: 21E-04 3.72E-04
Regression 1 3.72E-04 . »
Lackof fit > 3.36E-08 1.68E-08
Within line 8 7.73E-07 9.66E-08
3.73E-04

Total "1-1’////

:at P =0.05 level of significance:




Table 3.63: One-way ANOVA test for linearity of pure HTZ solutions

Source of Degrees of Sum of squares Mean sum Fesic Feg *
variation freedom (SS) squares (MS)
Regression 01 1.45E-05 1.45E-05
0.116 4.46
Lack of fit 02 2.03E-09 1.01E-09
Within hine 08 6.99E-08 8.74E-09
Total 11 1.46E-05

*

cat P = 0.05 level of significance.
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Table 3.64: Validati
3.64: \‘nlldatmn report for the determination of ATL, AMH and HTZ i
standard solutions by first-derivative spectrophotometry -

Analytical
parameter

Results

ATL
(243.6 nm)

AMH
(375.0 nm)

HTZ
(308.6 nm)

Accuracy (%) 100.26 = 0.58 100.16 £ 0.52 100.14 + 0.46
Precision (%) 99.67 99.60 99 74
99.67 99.79 99 74
100.33 100.00 100.00
100.65 100.60 100.42
100.98 100.80 100.79
RSD: 0.58 RSD: 0.52 RSD: 0.46

Specificity

A 25 pug/mlof ATL,
1.25 pg/ml of AMH
and 12.5 pg/ml of HTZ
mixture solution will
show an absorbance
value (D1) of

0.030 = 0.0001

A 1.25 pg/mlof
AMH, 25 pg/ml of
ATL and 12.5 pg/ml
of HTZ mixture
solution will show an
absorbance value (D1)
of 0.005 £ 0.0001

A 12.5 pg/ml of HTZ,

1.25 pg/ml of AMH
and 25 pg/ml of ATL
mixture solution will
show an absorbance
value (D1) of

0.004 £ 0.0001

233

LOD (pg/ml) 0.09 0.04 0.12
R
LOQ (pg/ml) 0.29 0.12 0.39
T
Linea”’ty (ng/ml) 5.60 1.25-30 5-130
_‘_____-_‘_-______-_/
Ruggedness (%) 100.26 + 0.58 100.160.52 100.14 = 0.46
— /__




Table 3.65: Results of the assay of pure drug admixtures and commercial formulations of ATL, AMH and HTZ
by first-derivative spectrophotometry

Sample Label Claim Recovery (%) a F-test for Mean Recovery
(mg per tab./caps.)
ATL AMII "tz Calc Crit”
ATL AMI HTZ (243.6 nm) (375.0 nm) (308.6 nm) ATI. AN HTZ (ATL /ANMILHTZ)
Pure drug 99,17 100.10 99.50
admixture - - - +0.58 +0.54 +0.92
1.05 0.47 341 3.68
Brand KX 50 2.5 25 99.11 100.20 100.33
(tab.) +1.13 +0.43 +0.38
Brand KY 50 2.5 25 99.05 100.35 100.21
(caps.) +1.06 +0.33 +0.27

* . Mean and standard deviation for six determinations.
" Theoretical value of F(2,15) based on one-way ANOVA test at ' = 0.05 level of significance.
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312 'T.TAN T
SIMULTANEOUS DETERMINATION OF HALOPERIDOL
T VDI N ) AN
RIHEXYPHENIDYL HYDROCHLORIDE IN COMBINED TAB o
PREP: . ABLET
REPARATIONS BY SECOND-DERIVATIVE SPECTROPHOTOMET
METRY

The ¢ . ) :
1¢c combined tablet preparation of haloperidol (HPL) and trihexyphenidyl HCI (T
‘ (TPL)

1s widely = ‘s o :
cly used for schizophrenia and psychosis. The official monographs [
- : z ]S l-q]
prescribed the procedu indivi i i
ire for individual assay of HPL and TPL

assay . The official
S _ assay
1g is titrimetric method recommended by U.S.P. 23
J o A s T

procedure for HPL pure dn

B 2
P. 1993 and LP. 1996 and HPLC method for its tablet dosage forms. The U.S.P. 2
o . B I 1 ._.3

Sueoe . =
guested HPLC method for both TPL pure drug and its dosage forms. Whereas, tl
= y as, the

B.P. 1993 and L.P. 1996 recommended a titrimetric method for TPL as pure drug and
g an

arious reports available for the individual

HPLC method for its dosage forms. The ¥
[395], ultraviolet [396,397] and HPLC [398]

) |

S o . . ;
ssay of HPL includes colorimetric

orts available for estim
399,400]. The later two reports employed HPLC

There are various rep ation of HPL in combination of othe
r
drugs [399-401] including TPL [

[400] for tl
[402,403], fluorimetric [404] and ultraviolet

[399] and HPTLC methods Leir determination. The literature reports for

TPL assay includes colorimetric
{ this wor
tion of these drugs without prior separation from

method [405]. The objective © k was to propose a sccond-derivative

spectrophotometric method for estima

combined formulations.

Materials and Reagents
phenidyl HC1 both were obtained as gift samples from Torrent

Haloperidol and trihexy
[ndia) and 1

India. Methanol (Qualigens,

1ydrochloric acid (Qualigens, India) of

5 .
nalytical grade were used.

Standard Solutions
[ and TPL were prepared separately by dissolving 5 mg of

anol. Appropriat
he volum

The stock solutions of HP
e amounts of the stock solution were

cach pure drug in 10 ml meth
s were made up with 0.1M HCl to

ransfetred to 10 m! volumetric flasks. T



Hi\-\ P i oo . .. =
give a series of solutions containing 7.5-15 wg/ml of HPL and 5-20 pg/ml of
| S -20 ng/ml of TPL
respectively. A thre gl ' ‘
v. A three series of 10 ml mixture solution
. s were prepared fro
m the above

stock i The fi o ;
solutions. The first series contained a constant concentration of TPL (5 peg/ml
pg/ml)

and a varving ¢ - e - R
I a varying concentration of HPL (7.5-15 pg/ml). The second series contained
- amed a

const: ~etrat - - ;
nstant concentration of HPL (12.5 ng/ml) and a varying concentration of TPL
[ O

(5-2( & ; . . ,
20 pg/ml). In the final series. fifteen nuxture solutions of each containi
ing a

¢ : ~entrati 3 <
onstant concentration of HPL (12.5 ug/ml) and TPL (5 png/ml) were also prepared

Interaction Study
re solutions were also prepared from fresh stock solutions

['wo separate series of mixtt
mentioned procedures. i
rying concentration of TPL (5-35 pg/ml)

o -

according to the above he first series contained a constant
and a va

concentration of HPL (12.5 pg/ml)
a constant concentration of TPL (5 pg/ml) and a

Similarly, the second serics contained

varving concentration of HPL (5-40 pg/ml).

Method Validation

a.  Accuracy and Precision
Five separatc standard and test solutions of HPL (12.5 pg/ml) and TPL (5 pg/ml)

vom fresh stock according to the above mentioned

were prepared | solutions

procedures.

b. Linearity
{ solutions of cach containing 5-30 ng/ml of HPL and TPL were

Separate series 0
ns meant for meth

the stock solutio

od validation.

prepared from

¢ Specificity
f each containing HPL (12.5 ug/ml) and TPL

Scries of five mixture solutions 0
(5 pg/ml) were prcpared from the stock solutions meant for method validation.
o
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[ f < }] 1
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determinati
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n re
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than the theoretical value at 5% level. Thus, it suggested the positive correlation

between measured values and concentrations (Table 3.67).

The developed method was validated according to the procedures described in

USP. 23 The results of such study were reported in Table 3.70. The limit of

detection (LOD) and limit of quantitation (LOQ) [1,97] were calculated from the slope

of regression equations obtained for Series A and C of Table 3.67.

The percentage recoveries obtained with pure admixture and sample preparations of
HPL and TPL were rcporlcd in Table 3.71. The recovery values fairly meet the official
requirements for individual assay of these two drugs from dosage forms (Appendix B).
The reported F-values of a two-way ANOVA test [98] were less than the critical value
at 5%, level indicated that there were no significant differences between the recoveries
method and also between the samples of a method

obtained by ZCP and PB

(Table 3.71). The prepared solutions were stable for 3 hrs in 0.1M HCL.

stantiate the usefulness of the proposed method in

Thus the above findings sub
mponent in a two-component mixture with

Mecasuring the conccntration of a minor col

he deve

overlapping spectra. T loped method was fonmd i et GUCUTELe: A0d PrECiSe, End
o ’ . g
1c reported methods [399,400]. Therefore, the rapidity of these

routine analysis of the combined formulations.

casier compared to

methods makes it adaptable for
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Tab . Q e
le 3.66: Sc)lec‘tmt) of the method for the simultaneous determination of
TPL in standard solutions by second-derivative SPCCtrOI;IIOtI:)::] :IPL and
etry

Composition Mean Coefficient
_ ! Standard ;
of the solution absorbance * of variation erro::-r ilea;;o of F-test for
(1g/ml) value (D2) (%) ?u/ ;“11 non-linearity
( HPL at 265.4 nm, ;
HPL. TPL TPL at 226.6 nm)
7 g Calc Crit"
s 0 4 + 2
0.0094 +0.0001 2.06 0.0001 100.81 0.43 4.26
10.0 0 0.0125 +0.0002 1.76 0.0001 99.55 0.33
12.5 0 0.01560.0002 1.66 0.0001 9923 0.4
15.0 0 0.0184 +0.0003 2.10 0.0001 100.53 0.11
1.5 5 0.0093 = 0.0002 1.97 0.0001 100.80 0.28
10.0 5 0.0124 +0.0002 1.61 0.0001 99.22 0.24
12.5 5 0.0153 +0.0003 1.91 0.0001 99.78 0.11
15.0 5 0.0181 +0.0003 2.00 0.0001 100.29 0.07
0 5 0.0131%0.0002 1.70 0.0001  100.74  0.80  4.26
0 10 0.0252 = 0.0002 0.97 0.0001 99.85 0.67
0 20 0049000007 14 Goeo2  1wal  00s
12.5 5 0.0128 + 0.0003 2.52 0.0001 100.88 0.20
12.5 10 0.0250 + 0.0003 1.54 0.0001 09.38 0.14
12,5 15 0.0368 + 0.0007 2.09 0.0002 99.94 0.04
125 20 0.0486 £ 0.0007 1.60 0.0002  100.14  0.04
h standard deviation.

"1 Average of ten determinat

b - i
. Theoretical value 0

jons wit
FF(2,9)atP =

0.05 lev

el of significance.
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Table 3.67: Regression analysis for the determination of HPL and TPL in st

andard solutions by second-derivative spectrophotometry
Composition of Regression equations Corr. Standard error 95% Confidence interval Slope Student ¢ -
Sample solutions (pg/mly coeff. without
(at 265.4 nm for UPL,
[y
HrL L at 226.6 nm for TPL)

Intercept Slope Estimate Intereept Slope
Sertes A 7.5-13 0

Y = 1.20E-03.X + 4 R6E-04

intercept

test for
correlation

|
Cale Crit g

0.9996  2.65E-04 2.29E-05 1.28E-04 -0.541:-04, 1.10E-03,

1.23E-03 50
1.6315-03 1.30E-03 4.30
SertesB 7.5-15 5 Y = LIBE-03.X + 486E-04 09997 2.01E-04 1.74E-05 9.68E-05 -3.80E-04,  1.10E-03, 1.21E-03 71
1.35E-03 1.25E-03
Series C 0 5-20 Y =239E-03.X + 1.25E-03 09999 2.45E-04 1.79E-05 2.01E-04 -5.20E-05,  2.28E-03, 2.44E-03 100
2.55E-03 2.49E-03
Series D 12.5 5-200 Y =238E-03.X+9.79E-04  0.9999 1.78E-04 1.30E-05 145E-04 -1 J30E-04,  231E-03, 243E-03 100
2.13E-03 247E-03
- Based on four calibration values; X = Concentration of drug in ng/ml.
: Theoretical value of *#” at P = 0.05 level of significance with 2 d.f.

Lve




,r:ll)lc 3.68: Ol]L‘-wﬂ}- .—\_\'()VA test for liuearity of pure HPL solutions

2438

Source of Degrees of Sum of squares Mean sum of Feiic Feo, *
variation freedom (SS) squares (MS)
Regression 1 1.32E-04 1.32E-04
\ 0.535 446
[Lack of fit 2 1.68E-07 S.41E-08
Within hine 8 1.26E-00 1.57E-07
Total 11 1.33LE-04
L at P = 0.05 level of significance.
Table 3.69: One-wayv ANOVA test for linearity of pure TPL solutions
F f . -
Source of Degrees of Sum of squares ;\qllii:cssu(gl’lg) e For
variation freedom (SS)
ATE 2.14E-03
Regression ! 2.14E-03 0.021 4.46
Lack of fit 2 2.37E0 L15E8
dACK ol It Z
4 48E-00 5.60E-07
Within line 8 -
2. |5E-03

Total J'L//_

at P =0.05 level of significance:




Table 3.70: Validation report for the determination of HPL and TPL in
standard solutions by second-derivative spectrophotometry

Results
Analytical
parameter HPL TPL
( 265.4 nm) (226.6 nm)
Accuracy (%) 09,94+ 0.70 100.30 = 0.87
99.23 99.23
Precision (%o) 99.23 100.00
100.00 100.00
100.63 100.76
100.63 101.52
RSD: 0.70 RSD: 0.87
- —
T - ; 5.0 ug/ml of TPL and
Qosal gy A 12.5 pg/ml of HPL and | A2UHE |
Speciiiaih 5.0 pg/ml of TPL mixturc 12.5 lug/ml‘ of HPL mixture
soluliuon will show an solution will show an
absorbance value (D2) of absorbance value (D2) of
0.015 = 0.0003 0.046 £ 0.0002
_.______._-—-——-—/
(.25
LOD (pg/ml) 0.32
________-________/
0.84
LOQ (pg/ml) 1.07
_-______’—__—/__._-—-——
530 =3t
Linearity (pg/ml)
__________._-———-—-/
99_94i0.70 100.30 £ 0.87

Ruggedness (o)

___—____..—-—__
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Table 3.71: Results of the assay of pure drug admixtures and commercial formulatio

second-derivative spectrophotometry

Drug Name

L.abel
Claim

ns of HPL and TPL by

(mg/tab.)

Recovery (%) *

I-test for Mean Recovery
ZCP PB Calc Crit”
Method Method Samples Methods Samples Ricthnds?
HeL D2(265.4 nin) D2(226.6 nin)
Pure drug Ch e
admixture _ 99.99 +0.91 100.11 £0.95
0.02 0.15 19.0 18.5
Brand LX 5 99.72 + 1.10 100.31 +0.69
Brand LY 5 100.18 + 1.02 99.80 £ 0.51
TPL D2(241.2 nm) D2(261.4 nm) D2(226.6 nm)
Pure drug
admixture - 99.71 + 1.38 99.71 + 1.38 100.11 +0.95
1.39 0.10 6.94 6.94
Brand LX 2 100.00 +1.15 100.28 £ 1.38 100.31 £ 0.69
Brand LY 2 100.28 £ 1.38  100.28 + 1.38 99.80 £ 0.51
*: Mean and standard deviation for seven determinations. .
> . Theoretical value of F(2, 2)+, F(1, ?.)i for HPL and F(Z,cl)T“‘t for TPL based on two-way ANOVA test
at P = 0.05 level of significance.
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4. DERIV ’
IVATIVE-DIFFERENCE SPECTROSCOPY

4.1 Introduction
As menti -
cnt o oy
| ioned in difference spectroscopy, the presence of fortui
1sosbestic points will serve as criteria f ortuitous juxtaposition of
-ria for successful applicati
g 1cation of thi .
quantitative : PP of this tecl
atively deter . chmqu
_ y determine the combined drug mixtures Howe | que to
Instances 1 - - ' ‘’ever, ther
¢ nw - eCOr ' ¥ T
y hich the recorded difference spectra of drugs between tl be
inducing : - N 1 the two sel
g agen - epectral ch: - - elected
] gents for spectral changes like acid and alkali buffers will
characteristic i . not sho
¢ istic isosbe : - o W such
1 oshestic points. It 1s due to their identical display of 1l
clitniges i small s
ges In pre o ) . pectral
presence of those buffers. It was reported 11 those situations, the d (
¢ , e e]‘i\ra{ivn
- . . L’
ssfully combined with difference spectroscopy to resol
‘esolve suct
1

methoc
Ncthod can be succe
d these combined methods are know

n as

of mixture components an
scopy [4006-414].

overlapping

HdativEivesd i
crivative-difference spectro

The ¢ :
o PR e ; .
1bined derivative-difference technique offers a distinct adva
successfully eliminat
refinement of spectra at two different st
ages
= .

th il 1121
wdividual techni 1
miques by ing the back :
g ckground int
erference

fror . -
1 formulation matrix duc to the

- displayCd by the large amounts of tablet diluents lik
ike

He o
ence, the possible interferen

Jcium phosphate in
1is combined technique [106]. Though, tl
=t 1€

presence of any spectral : .
P change inducing

lactose and dibasic ca
also be climinated by tl

can handle such pro
liminating such interferences which may al
also

agents can
blem very easily, but sometimes they

derivative technique alone

require derivatives of higher orders in €

results in cncouraging the NoISE.

Thus, this combined technique should serve as an added advantage over both the

ah ackgrOLlI‘id inter hose mixtures, which shows

m in presence of an
at this combined technique can also

ference of t

h
y spectral change inducing
10

techni . - :
hniques in eliminaing t

absorption patte
ports indicate th

on of various drug
2- 3 :
[215,412 414] from their dosage

alterations in their
Je literature I¢
ive determinati substances either alone
f other drugs
was presented in Appendix C.

agents. The availab
be .
¢ useful for the quantitat
[37,406-411] or in combination ©

It L -
Orms. The summary of this Jiterature review
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Therefor :
ore, this combi
mb ;
ined technique has been chosen as method
nethod of -
choice f
or

ICSO]\—iI] J [l « I y o l .
12 ] vV I' 1 2 Y 1 SH

combined dosage forms.

2 Deci .
4.2 Design of the experiment
The work r i
I = ol i) - = 1 1
eported in this section was carried out using JASCO mod
g model 7800 UV-V
-VIS

spectrophoto '
meter w juar
eter with 1 cm quartz cells. A scan speed of 480 nm/
nm/min and
a

bandwi -
dwidth of 3 o
3 nm were mainte il ~
ere maintained. Ordinate maximum and minimum v
vere adju
sted

accordine t :
= (0] 1 Sl 3 v - . : =
he amplitudes of measured derivative-difference values. The i
was cali : . - 1he st
ibrate . . _ rumen
) ated (including for derivative spectra) according to t
escribed 1in s i 4 N 1€ procedures
official monographs [2 3] and also to methods suggested by Tal
=0 y Talsky [4]

Ther -
¢ results obtained were reported in Appendix A.

The - :

¢ stepwise experimental approach is:

he pure drugs with the selected acid and
¢ n

a. I-) =3 . = .
reparation of standard solutions of t

Jar solutions with appropriate concentration ra
< d llge

alkali buffers to obtain equimo

to maintain the desired formulation ratio.

nce spectrum of pure
[kali solutions in the sample compartment

b. " .
Recording the differe drugs by placing the acidic solutions i
ns in
and their a
tra from the oné obtal
nts (A) and order for processing

the reference compartment
1¢ of the derivative spec
and number of pol
so to check the necessity of any

ned in step “b” by choosing

C. Recordir
ative order

an appropriate dertv
by Savitzky-Golay algorithm [138] and al

smoothing process of derivative curves.
proportionality of absorbance values with different
at the possible wave

and derivative technique will be

d. » e 5 :
Examining the lnear
lengths of estimation.

drug solutions
ed 1N difference
ion range, 10 study the possible mixture

y of the method at chosen

concentrations ol
cedure describ
near concentrat
sh the selectivit

d solutions.

e, .
A similar pro

followed to identify the li
interferences, 1f any: and to establi
wavelengths for their Jetermination from standar
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<

(r

Validation of the developed method according to the procedures described in

LLS.PL 23.
Extending the developed method to commercial preparations available in the
market to studv the suitability of the method for routine analysis.

Finallv. the statistical analvsis of data obtained for standard solutions and the
commercial preparations was done and the details were discussed in the
experimental section.  The various mathematical expressions used for the

statistical treatment of data were prcscnted in Appendix D.



4.3 SIMU (EOU
I[ULTANEOUS DETERMINATION OF PHENOBARBITON
PHENYTOIN oxe
IENYTOIN SODIUM IN COMBINED TABLET PREPARATIO ND
PUERYTO 3¢ ATIONS B
COND-DERIVATIVE DIFFERENCE SPECTROPHOTOMETRY '

The ¢ ot :
1 combination of phenobarbitone (PBT) and phenytoin sodium (DPH) in t}
in the form

I(l] ]l.-[ £ I 1 1 y I Y or

have prescribed individual assay procedure for PBT and
an

official monographs [1-3]
ludes HPLC prescribed by U.S.P. 23

DPE o

PH. The method of determination of PBT inc
fo . T

r pure drug and for its dosage forms. While, the B.P. 1993 and LP. 1996 b

4 oth

nd extraction cum gravimetric method for its pure and

an

reccommended a titrimetric a
dosave : -
ge forms respectively. Similarly, the monographs suggested HPLC [1] and
j 1 : . 5 -
potentiometric titration method [2,3] for DPH as pure drug, and HPLC [1] and
an
for its dosage forms. T

ngle preparation and that includes ultraviolet

titri - .
rimetric method [2,3] here are various literature report

S
analysis of PBT as siI

[416] and HPLC method [417],
] including the DPH [129,419-421]. Whereas, the

tion included ultraviolet [422-424]

available for the
and also in combination of other

[415], titrimetric

drugs [66,129,216,217,413,418-421

reports available for DPH as single prepara
polarographic [425.420] and colorimetric method [427]. In particular, the reports
1 of these tWO drugs employed derivative ratio-compensation

sctions [419]; titrimetric [

was to proposc

I' - . .
elated to the combinatiol
420] and potentiometric titration

method [129], orthogonal fur
s work a second-derivative difference

e determination of PBT and DPH in the presence of

[421]- The objective of thi

Spectrophotometric method for th

& .
ach other as well as the excipicnts:

\Y .
laterials and Reagents
1 were obtained as gift samples from

Phenobarbitone and phfm}’mi” 0
Hydrochlori

dium botl

¢ acid (Qualigens,
India) of analytical grade were used.

India), sodium hydroxide

Anglo-French, India.

(Qualigens, India) and methano! (Qualigens,
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] hC St S l c }’ o? i
OCl\ OlLI[iOﬂ S
S Of c
olvin 5 mg
S 5 eaCh (0]

the pure d ‘
rugs in 50 mlo '
! f methanol. Appropriate volume aliquots of the sto
he stock soluti
1on

1C l

with 0.01M HC
0117 ] and ( N -
) 01M NaOH to give a series of equimolar soluti
utions containi
ing

7.5-"‘; e/ g
25 ng/ml of't > imi
yoth PBT and DPH. Similarly, three series of 10 ml eact
each of equimolar
I

solutions of mixtur
p of mixtures of PBT and DPH in 0.01M HCI and 0.01M
I .0IM NaOH wer
by using the stock solutions. The first series contai e ke
ained a constant
| ant
arying concentration of DPH
(7.5-25
25 pg/ml).

COn =Y 1S
centration of PBT (7.5 pg/ml) and a Vv
d a constant concentrati
tration of DPH
(15 and

The se :
second and third series containe
S
2o pg/mlr v '
g espectively) and a varying concentration of PBT (7 5-25 pg/ml)
.5-25 pg/ml).

Interaction Study
ed from fresh stock solutions

Two
separate scri : ;
parate scrics of mixture solutions were also prepar
accordn
10 . ; :
g to the above mentioned procedures. The first series contained
ned a con
] _ stant
(25 pg/ml) and a varymng ¢
onstant concentration of PBT (7
5 pg/n
: = ]1) and a

oncentr Elt' P }. &) 1
c ion Of D I_I Oncentration Of PB l (5_40 l /1‘1 l)
f=] .

While :
ile, the second scries contained a €

varyi : 5-5
"ying concentration of DPH (5-50 pg/ml).

Method Validation

a. A, " reT
Accuracy and Precision
rd and test soluti

h stock solution

ons of PBT (7:5 pg/ml) and DPH (15 pig/ml)
O

Five separate standa
s according to the above mentioned
¢

were prepared from the fres
procedures.

D, Lineari
i }.lr-)'
PBT (5 10 JJ'D/I”I) ] H (5—50 Hg/ml) we
e

¢ of solutions ©
Kk solutions me

ation.

Separate serie
ant for method valid

prepared from the stoc
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¢. Specificity
Series of five mix '
nixture solutions of each containing P
g PBT (7.5 pg/ml)
2 HE and DPH

(‘ ] 5 g/ f =9 =Y - -
rg/ml) were prepared from the stock solutions meant for method validati
alidation.

Sample Preparation

Twenty tablets of each commercial preparation (Brand MX and MY) were accu
weighed, well powdered and weight of the powder cquivalent to 7.5 mg Ofm;:y
(and 15 or 25 mg of DPH) was dissolved in methanol by thorough mixing Dand madIc;

u : RS ,
p to volume in a 50 ml volumetric flask. The samples were filtered through What
4 atman

The first and last 5 ml of the filtrate were discarded. The sampl
. ple

filter paper No.1.
M HCI and 0.01M NaOH were prepared by using

solution of 25 ml cach in 0.01

ots of the filtrate to obtain
Corresponding amount of DPH (15 or 25 pg/ml depending on the chosen preparation)

appropriate aliqu a concentration of 7.5 pg/ml PBT and

Procedure
the 0.01M HCI and 0.01M NaOH solutions of pure

The difference spectra between
1 230-275 nm by placing the acidic solution in the

drugs and sample were recorded fron
the alkali solut
¢ difference curves was subsequently

reference compartment and ion in the sample compartment.
f each of th

e spectra WCre smoothened by 10 points

d 252.8 nm for PBT and DPH

A second-derivative spectrum ©
[138] and th

recorded using A = 10 points
asured at 244.8 an

[138]- The solutions were me

respectively.

Results and Discussion . .
and DPH either 1n acid or in alkali buffers were

The zero-order spectra of pure PBT ‘
e recorded spectra Jack significant

). It was evident that th

very similar (Figure 41 .
ith alkali solution of pBT. The conventional methods

orthogonal fu

e tried earlier.

Wavelength maxima except W
jctions [10-12] and derivative

quations [6,7],
(125,128 W

like g;
€ simulta
neous ¢
But, the recoveries obtained

ratj .
lo-compensation method
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with sample solutions wer ;
and others [420.421] ST\;:C not satisfactory except with orthogonal function
ot et ot e frcasons for the failure of above methods could be atts' -
in alleali buffer svste of method requirements by both pure drugs either i r.lb,med
ystems. Although, the reported methods [419_49;] ga A
<l] gave CncoUmging

Dd' rameters "her I 3 eC o
" \‘\ hC‘ c 3 g 1
€4as, II]C CCOIde dlffCI'C['lCC Sp trum Of pure dIll
S ﬂlOH 1
S (& ﬂllled t
0

uce the required 1 '
Ire : ' ‘
juired isosbestic points (Figure 4.2), but showed signifi
- gnificant alterati
eration.

prod
It we
as also S it . Ak
observed during the initial study in first and second-derivati
this utilisation of dedvative _ ‘ nd-derivative mode that
" ative technique had failed to generate the required ,
— ' g ired zero-crossi
5 _ _ - ross
) ) for DPH 1n first-order. In addition, the measured derivati o
ere very . . ; , 1vative va
vy low and filled with noise at the ZCP’s of other drug in second e
S nd-order. Tl
. . Thus
o combine these WO indivi .
idual techni
1ques for tl
1€

[h B . ~ 3

¢ above findings have led

| and sample solutions due to the pres
€nce

dC[Q[‘ STyt -
mination of PBT and DPH in standarc
cctrum (Figure 4.3) The second-derivati
D) -derivative diffe
rence

of ZCP’s i
7CP’s in such recorded sp

better for the estimati
the ZCP of DPH had fallen close to the 230
230 nm,

on of drugs compared with similar curve
'es

curves w :
rves were relatively
e latter,

n fir ol

irst-derivative mode. Intl

ected wavelength range. Hence, tl
, the

Jimit of sel

were Cconsi

SCCO _ B ¥ .
nd-derivative difference CUrves
ination of both drugs were 244.8
244.8 nm for PBT

Wavele )
clengths considered for the determ

and at 75

nd at 252.8 nm for DPH (Figurc 4.3).

mcasured derivative-diffc—:rence values and concentrati
ons

of pure drugs (Tab

Series B, C and E of Table 4.2) at the

s obtained from the measured

i) ; .
1e proportionality between
le 4.1, Series A and D of

suring 4 series
ons (Table 4.1,

cgression equation
nd—derivative difference spectra obtained

of Table 4.2) were showed in

were found by mea
Table 4.2) and mixture solutl
hs. The T
le 4.2. The seco
¢ B, C and E
osbestic point at 2

abov¢
ve selected wavelengt

val :

ues were reported 11 Tab
nixtures (Serie
ce of distinct 18

W]
ith the standard 1
52.8 nm (Figures 4.4
5 4 and

Fioyr
igures 4.4-4.6. The presen
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. ) rlI'ld = * o
e l.l —_ .8

sim o i '
ultaneous estimation of both PBT and DPH

The 1 o o fof
1 LandC]lCL of aualyucal si_nals of standard s luti
) olution 1 1
s during their

CSU”]&[]O c v 3 3 \ 5y J ron
n at lhb 2 ‘av d T
mixture ill[e[ 1 1
actior

study. It w
v vas clear > repor
lear from the reported results (Figure 4.7) that tl
1 the VaI'Y]nU
o

5-40 pug/ml) did not

ns

P 'I‘ n Cr .

of DPH (5-50 pg/
250 pg/ml 25 '
TR 2 ug/ml in the esti i
. imation
(7.5 png/ml) at 244.8 nm (Figure 4.7B) o
4.1) was optimum
r25 pg/ml of DPH.

and accurate determination would be

standard solutions (Table

possible at 7.5 pg/ml of PBT and 150

ata obtained by the proposed method for standard
T

al analysis of d
ociated with the mean absorbance

1c deviation values ass
he precision of the proposed method

The detailed statistic

soluti
lutions demonstrated that tl

This w: .

s was also confirmed from the obtained coeffic

Les were greater than 2.5%) and the reported standard error i
or n

Cco 1
ncentrations "1 ere v ] at10
where a ] Of I‘CSiduals SIIO\-’Cd d I‘al’ld m

The percentage r
such random scatt
n-linearity [97] at 5% level and thus

1 conccmration.
er was observed to be not

Mmeasuring eacl
Sca . 3

tter about the best-fit ¢ However,
1 the calculated F-values for no

significant fron
Jibration poir

SUo« . 2
ggested the linearity of ca s

e drugs and mixtures were similar (Table 4.2)

he obtained correl
lope and estimate. A one-way

ined for put
ported from t

ved with each intercept, S
ed with three replicates Pef calibration point including

o
m the mean absorb

The 1 ne
ngrCSSIOI’l lines t
n Ob a ation coefﬁcients and

th
€ standard error invol

ANOVA test [99] was perfor™
t yariation ©

e measurem

pserved {10 ance of each

ents of pure drug solutions. The reported

hes

he replicat

tl
e lowest and hig

COyp ;
\centration during !
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ICS . L

ca !

The re
por[ed slo . . )
Bl i pe values without intercept on the ordinate for
within 95% - . ] regression € i
o » confidence interval which confirmed that the inte quations
viate signifi : . rcept values di
icantly from the origin (Table 4.2). In addition, Stud did not
, Student’s z-test [98
]

values we : :
rc h i
ighly significant at 59, level and thus indicated the positi
sitive correlati
ation

betwe
e! :
1 measured values and concentrations (T able 4.2)

s validated according to the procedures described
ribed in

Ih(‘} deVC]OpCd lTlC[hOd wa
O\Ved in ab]e R I ll lt t tl ( ) d
I 4 5 he m Of de ection LOD an

U.

S.P. 23 and the results were sh

[1,97] were determined from the slope of regressi
ession

i .
imit of quantitation (LOQ)

equati . .
quations obtained in Serics A and D of Table 4.2.

The
percentage recoveries obtained wi i
ith pure drug admixtures
and commerci
cial
6. The recovery values have met the limits of
o
e drugs and as well for their single dru
g

sults of a Student’s ¢-test (two-sided) [98]

f at
ormulations were reported in Table 4
offici

ficial monographs for both the pur

fi
ormulations (Appendix B)- The reported re

¢ were no significant diffe
level (Table 4.6). The prepared solutions were

nce of 0.01M HCI and 0.01M NaOH. The reported pK, values
vely (Appendix B) and hence the pH of

60 and 8.30 respect
0.01M NaOH (pH = 12.0) were at least 2.0 pH units away

confirmed that ther rences between the mean recoveries
standard and sample solutions at 5% "
Stable for 3 hrs in prese
of PBT and DPH were 7-
0.01M HCI (pH = 2.0) and
from the pK, values of drugs. T

|
€ad to appreciable changes inth

small variations in pH of the solvents did not

herefore,
e absorbance values [14].
ffers great advantage OVeT other reported methods

Th
us, the proposed method ©
m formulation matrix and also in

1
[129,419-421] in eliminating the 1

I‘es
olving the overlapping spectra ©

interference fro

f the combined drug preparation. The developed
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method was found to be accurate, precise and simple. Therefore, this combination of
difference and derivative techniques provide a great help in routine analysis of

two-component drug mixtures.
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Table 4.1: Selectivity of the method for the simultaneous determination of PBT and DPH

in standard solutions by second-derivative difference spectrophotometry

: © Average of tend
. Theoretical value of

eterminations wi

F(3,9)aP ="

evel of significance:

Composition Mean Coefficient ~ Standard  Ratio of F-test for
of the solution absorbance’ of variation error residual non-linearity
(ug/ml) value (AD2) (%) (%)
( PBT at 244.8 nm.,

PBT DPH DPH at 252.8 nm) Cale Crit®
7.5 0 0.0078 + 0.0001 1.38 0.0001 98.43 243 3.86
10 0 0.0102 + 0.0001 1.39 0.0001 99.95 1.37

15.0 0 0.0153 + 0.0002 1.10 0.0001 10097  0.99

20.0 0 0.0205 + 0.0002 1.07 0.0001  100.69  0.58

25.0 0 0.0260 + 0.0003 1.20 0.0001 99.36 0.29
15 150 0.0077 = 0.0001 1.60 0.0001 10025  0.42

10.0 150 0010300001 1.00 0.0001  100.18  0.59

150 150 0.0156=0.0001 1.04 0.0001 9933  0.24

200 150  0.0206 % 0.0002 1.03 0.0001 10040 0.14

250 150  0.0259 +0.0002 0.66 o.ooo: zzi (l)z ;
75250 00078200 :zz g:gggl 10070 0.74

10.0 250 0.0102%0.0001 1-93 o0l 9929 023

150 250 0.0156%0.0003 0-98 2000 10091 052

200 250  0.0205 +0.0002 -36 o0l 9962 017

250 250  0.0260 +0.0003 ;-95 o0l 9995 140 36
075 000080000L T h 001 10190 0.75
0 10.0  0.0011 % 0.0001 ;78 0.0001 9918 035
0 150 0.0017 £0.0001 1-90 0,001 08.60  0.40
0 200 0002350000 1’76 0.0001 10091 031
0 250  0.0029 % 0.0001 2-79 00001 9918 035

1575 000080000, 00001 10142 025

75 100 0.0011000! 64 00001  99.65  0.08

75 150  0.0017+0000! ;'52 o000l 9951 013

75 200 0.0023%0.0001 1'81 o000l 10028 006

75 250 0.0029% O'Oomth standa;d Jeviation-
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Table 4.2

: Regression analysis for the determination of PR’ ['and DPH in st

andard solutions by second-derivative difference
spectrophotometry
Composition of Regression equations * Corr. Standard error 95% Confidence Slope Student r -
Sample solutions (jg/ml) coeff. interval without test for
(at 2448 nm for PBT intercept correlation
PBT DPH at 252.8 nm for DPH) Intereept Slope Estimate Intercept Slope Cale Crit b
Series A 7.5-25 0 Y =1.04E-03.X - 1.51E-04 09998 1.96E-04 1L17E-05  1.67E-04 -7.75E-04, 1.OOE-03,  1.03E-03 87
4.72E-04 1.08E-03 3.18
Series B 7.5-25 15 Y =1.04E-03.X-9.72E-05  0.9999 926E-05 5.52E-06 T93E-05  -3.92E-04 1LO2ZE-03,  1.041-03 122
1.97E-04 1.06LE-03
Series C 7.5-25 25 Y = 1.04E-03.X - 727E-05 09998 1.71E-05 1.02E-05 LAGE-04  -6.16E-04, 1.00E-03, 1.04E-03 87
4.71E-04 1.07E-03
Series D 0 15-25 Y =120E-04.X-938E-05 09996 331E-05 1.98E-06 2.83E-05 -1.99E-04, 1.14E-04, 1.17E-04 6l
1.17E-05 1.27E-04
Series E 75 7.5-25 Y =122E-04.X-125E-04 09999 1.53E-05 9.10E-07 1L.31E-05 -1.79E-04, 1.18E-04, 1.18E-04 122
-6.00E-05  1.25E-04
: Based on five calibration values; X = Concentration of drug in pg/ml.
: Theoretical value of *#* at P = 0.05 level of significance with 3 d.f.
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Table 4.3: One-way ANOVA test for linearity of pure PBT solutions

Source of Degrees of Sum of squares Mean sum of Feue Fro #
variation freedom (SS) squares (MS) k Crit
Regression 1 6.63E-04 6.63E-04
0.687 3.71
Lack of fit 3 1.82E-07 6.08E-08
Within line 10 8.84E-07 8.84E-07
Total 14 6.64E-04
rat P =0.05 level of significancc.
Table 4.4: One-way ANOVA test for linearity of pure DPH solutions
Source of Degrees of Gum of squares I‘[ca:_lessu(l;lg P Fen ™
B a
variation freedom (SS) sqd
.06 9.06E-006
Regression 1 9.06E-0 0.640 371
11 2.81E-09
Lack of fit 3 8.43E-09
/ -09
. 41 _‘_08 439E
Within line 10 4.39E
-06
Total 14 9.11E
‘-;._____ ///f
Lat P = 0.05 level of significance
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Table 4.5: Valid:.ltion report for the determination of PBT and DPH in standard
solutions by second-derivative difference spectrophotometry r

Results
Analytical
parameter PBT DPH
(244.8 nm) (252.8 nm)
Accuracy (%) 100.30 £ 0.53 99.99 + 0.81
99.74 98.84
Precision (%6) 100.00 99.42
100.25 100.57
100.38 100.57
101.15 100.57
RSD: 0.53 RSD: 0.81

Specificity

LOD (ug/ml)

RS ey

LOQ (pg/ml)

Iy

Linearity (pg/ml)
I

e

ol

A 7.5 pg/ml of PBT and
15.0 pg/ml of DPH mixture

solution will show an
absorbance value (AD2) of

0.0077 0.0001

0.23

A 15.0 pg/ml of DPH and
7.5 pg/ml of PBT mixture
solution will show an
absorbance value (AD2) of
0.0017 = 0.0001

I

0.71

100.30 0.53

Ruggedness (%0)
—

S

. —

' 99.99 £ 0.81

-
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Table 4.6
.6: Results of the as i
. assay of pure drug admix m
PET a5 rug dmixtures and com i
I and DPH by second-derivative difference spcctroplﬁr:ml ormulations of
otometry

—
Sample [.abel Clai
e Tlair 5 . (0 a
(mg.f‘tah.)l T Recovery (%) Student t-test for Mean Reco
very
PBT DPH FBL DEH
(2448 am) (2528 nm) PBT e DPH [ Crit”
(PBT / DP}
Pure drug - - 99.60 99.76 )
admixture L064  £07
(1:2) g +0.78
0.65 0.28 23]
Br: 7 < “
rand MX 50 100 99.94 99.65
+0.71 +0.32
Pure dr
-IJHC' drug - . 100.21 99.93
‘”IT.].}.\'B[E:I‘C + (.01 +0.70
:3.33) 0.55 0.30
: 2.31
Brand MY 30 100 100.38 99.79
+0.35 +0.70
rminations.

n for five dete
nce with 8 d.f.

0.05 level of significa

a
+ ‘Mean s ik
; lean and standard deviatio
I) ==

)
- Theoreti - ided)’
heoretical value of 'r{twu-s1ded) at



CHAPTER 5




5. CONCLUSIONS
The m
ost common problem often seen in the analysis of drug formulations i
1s usually

the interfi
erence from the matrix constitu i
ents. An ideally desi i
gned simultaneou
s

estimati .
on method should be able to eliminate the interferences of additives and oth
and other

dru .
g(s) of the formulation. The methods proposed in this report have been desi
esigned

with thi ot -
this objective and achieved the same. The following are the conclusions d
rawn

from the results obtained.

1. . o )
The results of difference, derivative and derivative-difference spectroscopi
pic

multaneous estimation of drugs in combined formulations w
ere

methods for the si
m the statistical analysis and

precise. This was evident fro

found te be accurate and
n view of the validity of these methods and accuracy of

method validation. Thus, i

the results, it can be suggested that these techniques are quite useful for routine

analysis on par with the existing chromatographic techniques.

s of all the combined formulations reported in this thesis by using

2. Results of analysi
e been found to meet t

he official monograph requirements.

above techniques hav
e need of separation Of extraction procedure to eliminate

ix did not arise and the interference from such

3. It has been observed that th
additives of formulation mat
additives was found to be absent.

dividual drug in presence of other drug(s) of 2 formulation has

4. The estimation of in
fully without an

been achieved success

y need of separation.

S." The results of present study also lead to suggest the following observations:

A. Difference spectroscoPY

* This particular method ©

to other two

nis relatively simple and easier compared

f determi“atio
y de rivative and derivative-difference

Spectroscopy.
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B.

The me
thod has b
cen pr
T proved to be a potential technique in elimi
‘ Cfer ’ . . m .
C ences over derivative technique (where th hnmatmg e
encourage the noise i imi e the techn !
oise in the elimination process or curves will b e
ill be filled wi
ith more

noise) provided
the
y do not undergo spectral alterations in pres
ence of chos
en

buffer systems.
The meth
od
could not be extended to other drug combinations
except the tw
0

me 1 inatic
tronidazole combinations due to th

of signi
significant spectral changes with the treatme

eir lack of stability, solubility and/or lack
nt of different buffers.

n

The method is relativ

seen in difference technique.

The method is proved to be useful, especially,
i. . r . .
in resolving the drug mixXtures in presence of shoulder peaks (as fi
. ound in
cin, metoprolol tartrate - hydrochlorothiazide and
an

tinidazole - norfloxa
amlodipine besyl
g the greatly overlap

dazole - norfloxaci
hydrochl

ate combinations).

atenolol -
ped peaks (as observed in tinidazole

ii. in resolvin
n, tinidazole - furazolidone - diloxanid
€

orothiazide, propranolol HCI

late and atenolol - amiloride

furazolidone, tini
tartrate -

furoate, metoprolol
lol - amlodipin€ besy

hydrochlorothiazide, ateno
hlorothiazide com
minor componen

¢ component (a

binations)-
¢ with lack of significant absorption in

HCI - hydroc
iii. in resolving the
nce of a majo

e besylate - ena

g seen in tinidazole - clotrimazole

prese
and haloperidol - trihexyphenidyl

amlodipin Japril maleate
HClI combinations).
Derivative-difference s

bined techniqu

| in situations where the difference and

o is very useft
in handling the problems like

failed individually,

This com
g the drug substances with similar

niqueé have
o and resolvin

derivative tech
overlappiﬂa

matrix interference
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m

combination).

6 I'h
N e fO ' :
llow mng are th sallent features ofthe StUdy

lol tartrate - hydrochlorothi '
thiazide are the fi
Irst successful

furoate and metopro
their simultaneous d i
etermination 1 i
mcludmg th
e

r .

cports so far available for

methods should be very useful in routi
ine

cl i
wromatographic methods. Thus, the

analysis.
barbitone - phenytoin

jve-difference method for pheno

[ ]
The proposed derivat
is very unique and also the most successful report available till d
o 1l date
cular combination compare for

should considered to be

d to other reported methods. Therefore, th
, the

this parti
of a great value in their simultaneou
s

proposed method

determination.
ds for metronidazole -

pectrophotometric metho

°
The proposed simultancous s
:done, tinidazole - norfloxacin and atenolol
ol -

nalidixic acid. tinidazole - furazol
hydrochlorothiazid
hods reported 1ece
reproducib

e have great advantage over oth
er

amiloride HCI
ntly like multi-component analysis

Spcctrophotometric met

(MA) in terms of the simplicity ility and transparency for wid
routine analysis i
Lods for the combined formulations like metronidazole -
clotrimazole,
rochlorothiazide, propranolol HCI -

spread usage 1n

e The developed metl
tinidazole - furazolidone -

tinidazole
ol tartrat€ - hyd

amlodipine bes
| - trihexyphenid
_difference are the only

diloxanide furaote,
roate, metoprol

de, atenolol -
d haloperido

d derivative
ous determinat

ylate, amlodipine besylate -

diloxanide fu
yl HCI, with the help of

hydrochlorothiazi

enalapril maleate an
e, derivative an

procedures available

differenc
jon.

till now for their simultan€
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method for analvsis.

A

B.

Difference spectroscopy

The drugs should be compatible in both acidic and alkali buffer syst
: stem.

The slight chi ' :
shg anee in buffer strength at the tim
g g e of preparation i
can shift the

1sosbestic point.
Thi A e Wi 1 '
his technique will ehminate only the interference of substances that d
1at do not
undergo spectral alteration due to changes in the conditions (like pH). 1
. In such a

situation. the derivative technique may be useful.

Derivative spectroscopy

[he spectral shape and its amplitude depend on the conditions such as s

d can
speed, spectral pandwidth and value of data interval.
The reported set parameters for derivative processing should not be used as such
1gS. Instead, the method should be validated in the

for the estimation of drt

particular instrument.
fferentiation and smoothing algorithm employed in the

The method of digital di
e spectra should be known prior to derivative

instrument for generating derivatlv
processing.
ompromise between resolution, noise (SNR) and

s involves a ¢
nce, the smO0 process of a curve should be used

sable 1O conside

Smoothing alway
. | ‘ thing
distortion of the signal. H i
' . w ' ‘
as and when necessary-: [t is advl Lol

a[ a tin‘le'

rather than many points
s low order as possible with resolved

mixture i1 @

higher orders are to be met with more

It is preferable tO quantitate the

d inflection P

oints. SiNces

shoulders an

noise.
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* The main di
isadvantages of the zero-crossi '
-crossing point method ar i
e the risk of s
mall

drifts o C i
f the working wavelengths (practically eliminated with
recent

spectrophotometers).

= Ge . .
enerally. in zero-crossing method, the working wavelengths do not fall
S all in

correspondence of peaks of derivative s
slope of the spectrum is very high with consequent loss of

pectrum. This may be particularly

dangerous when the
in the present case the above circumstances

accuracy and precision. Incidentally,

did not occur.
so a reliable one. However, the high ratio
(=]

a . . .

The ratio-compensation method is al
ents of estimation can influ
ma or minima. Therefore, the method requires an

between tl i
1e compon ence the determ i
| ination of drugs
at the selected wavelength maxi

igation of such variables.
Jar cases where the popul

This method may be interesting and

accurate invest
ar zero-crossing technique

uscful alternative in particu

e or inaccuraté results.

gives less sensitiv
pt in mind during the method determination with

The above limitations are also {0 be ke
the help of derivative-difference spectroscopy:
me, €ase of operation and derivative capability of the modern
ds are of grea
nded ultraviolet-

By considering analysis ti
¢ utility in the routine pharmaceutical

Instruments, the rcporth metho
derivative spectrophotometric

1993 recomme

technique in fu

rug formulations, it is reasonable to expect a

analysis. Since B.P.
ture for routine analysis.

Procedure for the individual 8s

Widespread application of derivative
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APPENDIX A

CAL v .
IBRATION OF UV-VIS SPECTROPHOTOMETER

The analvti
Ivtical work re 1 1 IS W o
A ported m this thesis was carried 0 i
ut by using JASCO
Y g model

780 :
)0 double beam UV-VIS spectrophotometer.

librate the instrument before devising any analytical
a
¢ errors and to study the quality of the spectrum

hotometer was calibrated according to the

It is i
1s indeed necessary to €a
techni : e

mique to identify the systemi

produced. Thus the utilised Spectrop
], L.P. 1996 [3] and also to the unofficial

Procedures recommended in B.P. 1993 [2
Talsky [4]. The test method

(wherever necessary) were

ology and the results obtained along

methods suggested by
discussed below.

Wi '
1th corresponding spectra

trument  for calibration were a scan speed of

2
240 nm/min and a bandwidth of 3 nm. Quartz cells of 1 cm
minima were adjusted according to the magnitude of measured

T : _ .
he suitable settings of the s
thickness were used.

Ordinate maxima and

v :
alues in each case.

ended bY B.P. 1993 and I.P. 1996)

A.l: Official methods (Recomm

i
Control of Absorbances
omate solution at the wavelengths

P"i”c’ipvle
To check the absorbance value of potassium dichr
{ and the €0
son with the p

rresponding molar extinction coefficient value

indicated in Table A- .
ermitted limits.

A(1%, 1 cm) and compari
P;-()ced, e o
chromate was prepared in distilled water and

A0.002 \% '
.0025° nof
v W/V solutio s with distilled water in the

potassit di

at the prescﬁbed wavelength

1t
S absorbance was recordfic1

refary
eference cell.
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Resulrs
The observed absorbances confirmed to the reported values and were given in

Table A.1.

ii. Limit of stray light

Principle
The amount of stray light will be detected at particular wavelength with suitable filters
he 2 =

For cxample the absorbance of a 1
d be more than 2 at 200 nm when

0 luti 2% W/V aqueous solution of
r solutions.
potassium chloride with a path length of 1 cm shoul

compared with distilled water as reference liquid.

Procedure i
A 1.2°% W/V solution of potassium chloride was prepared 1n distilled water. The
absorbance of the solution was recorded from 200-230 nm against distilled water as
o 5 c

reference.

Result ——
- - 2 2 .
The absorption valuc was found to be greater than 20a

iil. Resolution

Principle n of toluene in hexane is recorded. the ratio of

4 V/V solutio
imum at 266 nm should be at

0
When a spectrum of 0.029 |
t 269 nm to that of min

the absorbance at the maximum a

least 1.5.
Procedure V/V solution of toluene in hexane was recorded from
/V s

The spectrum of 0.02%

; . -eference.
255.275 nm with hexane as refer

s served between absorption at 269 nm to that of

ras ob
The ratio of greater than 1.5 was

266 nm.
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i‘,. . .
Resolution of second-derivative spectrum

Principle
The —
he measured second-derivative spectrum of a 0.020% V/V solution of tol .
uene in

methanol using methanol in reference cell in the range of 255-275 nm should sh
Oow a

sm -
all negative extremum (or trough) located between two large negative extr
ema

(or trough) at about 261 nm and at 268 nm.

Procedure

A 0.020% V/V solution of toluene in methanol was prepared and the second-order

spectrum was recorded in the range of 255-275 nm with methanol in the reference cell

using Savitzky-Golay parameter [138] of A =1 point.

Result

The observed second-order spectrum showed the presence of a small negative

extremum between two large negative extrema (Figure. A.1).

A.II: Unofficial methods (suggested by Talsky, [4])
o study the quality of spectra produced by the

The methods were mainly proposed t
instrument using various standard chemical substances. These various chemical

based on the type of spectra
n, were classified into four types

maximum (Amax) WEre€ given i

substances, produced during their measurement in
UV-VIS regio

observed wavelength

and these along with their reported and

n Table A.2.

tudy the production quality of

rmed with the instrument to S
ances of each category

The various tests perfo
ising above mentioned subst

derivative curves by util

(Table A.2) were discussed below.

Type I :
a of these substances expected to show an asymmetric Guassian curve. The
o resolve the signal into two main peaks in

The spectr
module should be able t

derivative

fourth-derivative mode.
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Procedure
.‘\ —1”!) ‘]1|r Oi‘] 10l 1
myg nckel Ch]O['ldC hexahvdrate 1
xahvdrate (NiCla, 6H-0) was di '
2 24, C issolved in 10 ml of
of

Iicri] 2
distilled water «
vater and the absorbance was recor - "
‘he absorbance was recorded from 320-500 nm with distilled
ed water

I” 'L]]C IK_ILI-\. —
JCL CLll hnl. i Ull] "d' v v c =
. O 1 L,Il\ﬂ[l\b’ Spl [It,l \\'35 rccor Ld. 1 J

points [138]. The s - -
s [138]. The smoothing ol the spectrum W or five i
g as done for five t :
imes by using A =235
2 gA=2D

points [138] in each ume.

Result

1g the necessary features of asymmetric

was shown in Figure A.2a. The fourth-derivative spectrum tl
hus

The i
1e obtained zero-order spectrum havi

Gaussian curve
obtained was ¢ 'CsolV ‘ |
ted was able to resolve the spectra into two main peaks and was given i

/as given in

Figure A.2b.

Tyvpe II
ces should be of Gaussian curve superposed by an

The spectrum of these substan

function. tion module should be able to

underlving c.\’ponemial The differentia
climinate this by higher order differentiation.
Procedure

A1 mg of potassium jodide was dissolved in 100 ml of distilled water and the
first-derivative spectrum was obtained

200-260 nn. The

as found necessary.

spectrum was recorded from

with A = 10 points [138]. No smoothing W

Result

The obtained zero-order

necessary features was shown in

having the
as able to resolve the superposition

spectra
Figure A.3a. The ﬁrst-derivative curve obtained W

y an underlying €x function and was showed in

of the Gaussian curve b pOIlGHti&l

Figure A.3b

side of a peak. The

Type 11
inct shoulder on the

ected to show dist
1 side of the peak.

al spectrum is exp
e the shoulder on tl

The norm
1d be able to resolv

differential module shou
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Procedure
A methv
methvlene blue ' as '
vlene blue solution was prepared bv dissolving of 1 me in 100 ml of di
. | g g ml of distilled
& 1€ £ da v, o VIS 10 - 1 1] f 7
o absorbance was recorded from 500-700 nm. The fourth-derivati
o . _derivative of the
ILLU]qu T - . : I the
spectrum was obtained with & = 60 points [138] and the s hi
3 ¢ smoothing of
spectr o ST : .
pectrum was carried out with A = 20 points [138].

Resulr
seak was shown in Figure A.4a. The

1 distinct shoulder |

The zero-or '
\e sero-order spectrum with
able to resolve the shoulder on the side

I‘OU 3 ='a AL T g
rth-derivative of the recorded spectrum was
of the neak : -

the peak and was shown in Fioure A.4b.

Fype IV
{ thesc substances expected 0 show small irregularities. The

resolve the small irregularities noticed in

[he normal spectrum ©
le should be able to

second-derivative modu
the fundamental spectrum.

olved in 50 ml of distilled water and the

second—derivative spectrum

Procedure
qnate was diss

30-610 nm. The
hing was necessary.

A DS = :
A 2.5 mg of potassium permang
zero-order spectrum was recorded from 4
was obtained by setting A = 10 points [138] and no smoot
showed in Figure ASa

Rest
sult
| spectrum were

e fundamenta
cond-derivati
ated that the sec

S obsen'ed in tl
The obtained

ed through S€
A.5band indic

The irregularitic
ly resolv ye processing.
ond-derivative

and were successful
wed in Figure

resolved spectrum Was sho

mode was optimun.
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Table A.1: Test for control of

absorbances with potass

jum dichromate solution

Wavelength Recommended Permitted Observed Values
(nm) value Max.
tolerance Absorbance A (1%.1 cm)*
A (1%.1 cm) (0.0025% W/V)
235 124.5 122.9-126.2 P312 125.0 +0.57
I
257 144.0 142.4-145.7 0.362 144.3 £ 0.44
_____________P_______f
313 48.6 47.0-50.3 0.123 48.8 £ 0.21
| e e
350 106.6 104.9-108.2 0.270 106.6 £ 0.50
I )________________________f
: Average of thirteen determinations.
Table A.2: Classification of substances qualiﬁed for standard spectra of various
. Conc. (gt) A-region | -
I'ype Substance (nm) Reported Observed
___.—-——""'—-——_ -—7 ~
NiCl 6H,0 40.0 320-500 394 394
I iCl,.6012
50,.5H20 20.0 550-890 810 810
Sha | i
- - ool 200-260 226 226
I .
1 Red 0.01 400-620 497 497 |
Congo K€ : 664
00-700 664
[11 Methylen¢ Blue 0.01 5 i3 1
| 6H:0 40.0 550-800 | 7
NiClp.0112 : 7
0 0.05 430-610 525 525
n
v R [0 o370 | 2L 277
BSA |
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APPENDIX B

ANALYTICAL PROFILE OF DRUGS

Drug Profile B.1: Amiloride H_\'(lrochlm'ide

o) NH

TNH,
_HCI. 2H:0

amino—6—chloropyrazine—2-

‘_\I-amidino—S.S-di
hloride dihydrate

Chemical Name :
carboxamide hydroc

CeHsCl N-0. HCL 2H.0

Emperical Formula
Molecular Weight

Melting Point

Pia $.70 [99]

Description A pale yellow 10 greenish yellow powder

Solubility ; Ereely soluble 11 dimet! YISLllfOXidF‘;; slightly
soluble in water and 11 cthanol (95 0/0):
practically insoluble -1 chloroform and ethet

Official Method of Analysis

a. Pure Drug : Titrimetry [U.S.P. 23]
potentiometry B.P. 19?3, IfP'1199;936]I -
Assay Limits 98.0—101.0% [U.S. 23,B.F , 1P

b. Dosage Forms ;
uv [B.P.199.>,

Assay Limits



Drug Profile B.2:

Chemical Name

Empeircal Formula
Molecular Weight
Description

Solubility

Official Method of
Analysis

Amlodipine Besylate

H
N~~~ NH;

0. CH
: 3 ) CGH5303H

2—[(2—anﬁnoethoxy) mcthyl]-4—(3-011101'013116“)/1)-
]_.L-dihydro—G—mCIhYI'3- 5-pyridinedicarboxylic acid
3. nzene sulphonate [430]

cthyl 5-methyl ester be

C:(IHJSCI NjOj. C(,H;:SO;H

560.88

A white. crystalline powder; odourless
1, dichloromethane; soluble

Freely soluble chlorofo
ightly soluble in water,

in methanol. alcohol (95%): sl
acetone; insoluble in ether.

Not available in U.S.F: 23 B.F. 1993, L.P. 1996
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Drug Profile B.3: Atenolol

H
. 40H
O s
Sy
N Y—CH,

H
g H4C

Chemical Namc (RS)-J-(l—hydroxy-B-isopropylamino pPropoxy)
plwnylacetamidc

[:mpcricul FOI'le]Zl C14H331 303

Molecular Weight 260.3
Melting Point 152-155°C (3]

PR 9.60 [99]
Description . A whiteor almost white powder
Solubility : Spuringly soluble in water: soluble in absolute
) ethanol; slightly soluble in dichloromethane;
practically insoluble in ether-

Official Method of Analysis
1. Pure Drug 3 Potemiometly [B.P.1993, [.P. 1996]

Assay Limits 99.0-101.0% (B.P.1993, LP- 1996]

s I . UV [B.P.l993, [P. 1996]

b. Dosage Forms - g7,5.107.5% B.P.1993, P 1996]

Assay Limits



Drug Profile B.4: Clotrimazole

Chemical Name
Emperical Formula
Molecular Weight
Melting Point

PR

Description

Solubility

O

N

&

1-(2-chlorotrityl) imidazole
C5,Hi7 CI N2

344.8

141-145°C [2]
4.70 [428]

A white or pale ye

practically insoluble in water; T

chloroform, methanol
soluble in ether.

Official Method of A nalysis

a. Pure Drug
Assay Limits

b. Dosage Forms

Assay Limits

HpLC [U.S-P- 23]
Titrimetry [BP-1993: I.P. 1996]

[U.S.P. 23, LP. 1996]

98.0-102.0%
1993]

98.5—100.5% [B.P.

p.23,B.P. 1993, LP. 1996]

HPLC [U.S.

90.0-110.0% [U-S-F: 23]
1993, LP. 1996]

95.0—105.0% [B.P.

1low, crystalline powder

cely soluble in acetone
and in ethanol (95%); slightly ,
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Drug Profi 3
1¢ Profile B.5: Diloxanide Furoate

Chemical Name

Emperical Formula :

Molecular Weight
Melting Point
Description

Solubility

Official Method ()fAnaU'-"*"S

a. Pure Drug
Assay Limits
b. Dosage Forms

Assay Limits

4-(N-methyl-2, 7_dichloroacetamido) phenyl 2-furoate

C]_;H; ] CI: NO-&

328.2

114-116°C (2]

A white, cwstalline powder; odourless
htly soluble in water; freely soluble in

Very slig
rm; slightly soluble I

chlorofo

potentiometry [B.P.1993, 1.P. 1996]

98.0-102.0% [B.P.1993, 1.p. 1996]

93, 1.P. 1996]

uv [BP-19
3, 1.P. 1996]

95.0—105.0% [B.P.199

) ethanol (95%) and in ether.
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Drug Profile B.o: Enalapril Maleate

C,HO O

C GHSO QOOH
CH,CHy C-NH—C—C—N . ik
H ; ' HCOOH

Chemical Nam¢ N—[N-[(S)-l-clhoxycarbonyl—?a-phenyl propyl]-L-alanyl]-
L-proline hydrogen maleate )

Emperical Formula : CooHasN20s. C,H40s

5
3

n

92.

=

Molecular Weight

Melting Point 144°C [430]

PKa 3.0, 5.49 [99]
Description . Off-white, crystalline powder
Solubility - Freely soluble In methanol and 1n dimethyl formamide;
soluble in cthanol (95%); sparingly soluble in water.
Official Method of Analysts
HPLC [US.P. 23, I.P. 1996]
996]

a. Pure Drug : )
Assay Limits 08.0-102.0% [U.S.P. 23, I.p. 1
b. Dosage Forms HPLC [U.SP. 23, 1.P. 1996]

. 90.0-110.% [U.S.P. 23 [.p. 1996]

Assay Limits

31¢
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Drug Profile B.7: Furazolidone

Chemical Name 3- (S-nitromrfurylideneamiuo) oxazolidin -2-one

Emperical Formula CsH7N:Os

Molecular Weight
Melting Point $56-257°C [430]
Description . A yellow, crystalline powder; odourless
Solubility . Very slightly soluble in watet and ethanol (95%);
slightly soluble in chloroform: practically insoluble

in ether.

[ysis

Official Method of And
I.P. 1996]

B.P.1993,
B.P.1993, LP. 1996]

UV [U.S.P. 23,

a. Pure Drug :
Assay Limits 97,0—103.0% [U.S.P. 5
b. Dosage Forms . UV [U.S.P. 23, LP. 1996]
. 90.0-110.0% [U.S.P. 23, 1.P. 1996]

Assay Limits



Drug Profile B.8: Haloperidol

Chemical Namc

Emperical Formula
Molecular Weight
Melting Point

pK.,

Description

Solubility

Official Method of A

a. Pure Drug

Assay Limits

b. Dosage Forms

Assay Limits

nalysis
[U‘S.P. 23 B.P.19

O
N

OH

4- [4—(4—ch1orophenyl)-4—hydroxy piperidino]-4’-

fluorobutyrophenone
C. HasCIFNO:
3759

147-152°C [1]

8.3 [99]

A white or slightly yell
1line powder

owish, amorphous or

crysta
nsoluble 1 water, sparingly soluble
¢ and in ethanol (95%); slightly

luble n chloroforni.

practically i
in dichloromethan

soluble In ether; SO

Titrimetry 93, 1.P. 1996]

98.0—102.0% [U
99.0—101,0% [B.

§.p.23,BP19
(US.P.23,B

S.p. 23]
p. 1993, 1.P.1996]

gpLC [U 3, 1.P. 1996]
p.1993, LP. 1996]

90.0-11 0.0%

318



Druo Profile B.9Y:

Chemical Name

Emperical Formula
Volecular Weight
Melting Point

o1 L

Description

Solubility

Official Method of -
1. Pure Drug

Assay Limits

b. Dosage Forms

Assay Limits

gpalysis

I'I}'drochlorothiazide

2
Tz

ihydro-2 2H-1,2 -L-benzothiadiazine-

(>-chloro-3.4 d
1.1- dioxide

T-sulphonamldc
CﬂH,\-Cl.\E_:OJS:

297.7

-~

573.275°C [430]

Zfid

70.9.2[99]

line powder: odourless

A white, crystd
in water. soluble

Juble 1N ethanol (93%). It
ution of alkall thlO\ldES

1Uht1v soluble
ngly sO
ute sol

Very sl
acetone. span
dissolves in dil

3 1.P. 1996]
B.P.1993,

gpLC [U- S.P. 23]
Potentlomet ry [B.P.1 1995.

98.0-102. 0% [U.S- P. 23, 1.P. 1996]



D a ¥
rug Profile B.10: Vetoprolol tartrate

Chemical Name

Emperical Formula :

Molecular Weight
Melting Point
pka

Description

H,C

e Oawy 3"
YCH; | ° HO——H
H,C P
0~"OH
Z

opylamino—B«p-(Z-metho:{yethyl) phenoxy

(RS)-1-1S0Pr
2R3 R)-tartrate

propan-z—ol (

(C SI*I:SNOS)J-CJHoOn

9.7 [99]
r, yirtually odourless

White crysta]line powde
le In water: soluble n alcohol and

Very solub
tically insoluble 1n ether.

Solubility
chloroform: prac
Official M ethod ofAnalysis
a. Pure Drug potentiometry [U.S.P. 53, B.P.1993 1.P. 1996]
Assay Limits 991}101.096[LLS.P.ZB,E&P.1993,LP.1996]
[U.S.P. 23], UV [LP: 1996]

b. Dosage Forms

Asgsay Limits

p. 23, LP. 1996
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l a 1
)rug Profile B.11: Vletronidazole

O,N

Chemical Name
Emperical Formula
Molecular Weight
Melting Point

pK,

Description

Solubility

Official Method of Analysi

a. Pure Drug

Assay Limits

b. Dosage Forms

Assay Limits
(Tablets)

CH,CH,OH

N. ~CHj

2-( E-zncth_\-'l—S-nitroimidazol— 1-yl)-ethanol

C(‘l‘!t)N_‘\O_I

cllowish, crystallme powder

acetone, dlchloromethane
lightly soluble in ether.

A white or'y

\ble in waters

Slightly solt
%); Very s

and In ethanol ( (95%

h)

[U.S.P. 23]

[B.P.1993. [.P. 1996]

Titrimetry
Potcntlometry

[U.S.P. 235 B.P.1993. LP. 1996]

‘)9.0—101.0"’
HPLC [U.S. p. 23]
Titrimetry 1.P. 1996], UV [L.P. 1996]

00.0-110.0% [U.s.P. 23]
95.0-103.0% [B-F- 1993, 1.P. 1996]
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Drug Profile B.12: Nalidixic Acid

~CHs

HaC N N
%OH

o O

11ydro—7—methy]-4-oxo—1, 8

1-ethyl-1, 4-di
3—carb0.\’ylic acid

Chemical Namc
nap hthyridine-

Emperical Formula

L) st s i

Molecular Weight

Melting Point

Pk - 6.0[99)]

Description . An almost white or pale yellow, crystalline powder

Solubilility . Pr actically insoluble in water; soluble in
dichloromethanc; slightly soluble 1n acetone and 11
ctharlol(95%); very slightly soluble in ether.
It dissolves 1 dilute golutions of alkali hydroxides.

Official Method afAnalysis

a. Pure Dr : Titrimety [U.S.P. 23]

ure Drus Potentiomet [B.P.1993, I.P. 1996]

B.P.1993, 1.P. 1996]

99.0-101.0% [U.S.P. 23

Assay Limits

b. Dosage Forms . UV [US.P 234
imi - 3.0—107.0% [U.S.P. 23]
. L | 995.0-105.0% [B.P.1993, LP. 1996]

L L



Drug Profile B.13: Nortloxacin

Chemical Namc¢

Emperical Formula :

Volecular Weight
Melting Point
pK.

Description

Solubility

Official Method of A

4. Pure Drug

Assay Limits

b. Dosage Forms

Assay Limits

ahsis

N ~CHs
MO,
- OH
o O

oro-1,4- dihydro-4-0X0- 7-(1-piperazinyl)

|-ethyl-6-lu
arboxylic acid

_3-quinoline ¢

powder

id, chloroform,

Freely soluble ing olacial qcetic acl
hanol. less

acetone: slightly solub]e in ethanol, met
soluble 10 water; 1n soluble in ether.

J[USP-23. [.P. 1996]
93, 1.P. 1996]

gpLC [U.SP- 23
53, LP. 1996]
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Drug Profile B.14: Phenobarbitone

=
HN

Chemical Namc
Emperical Formula
Molecular Weight
Melting Point

pKy

Description

Solubihty

Official Method r)_f',-lnm'_;'.s‘i.s'

a. Pure Drug
Assay Limits
b. Dosage Forms

Assay Limits

O
HN-L/ CHj

\
O

5-c1hy]—5-phenylbarbituric acid

C,-H2N203
232.2
174-178°C [1]
7.4 [99]
Colourles €

ightly soluble in W
%): soluble 1n

rystals or a white. crystalline powder

ater; freely soluble in

Very sl
cthanol (95 ether; sparingly

soluble n chloroform.

LPLC [U.S.P- 23]
Titrimetry (B.P.1993, LP- 1996]

98.0—101.0% [U.S.P. 23]
[B.P.1993, [.P. 1996]

99.0-101 0%

HpLC [USP: 23]
(B.P.1993, LP- 1996]

Extraction cum gravimetric

90.0-110.0% (U.S.P. 23]
92.5-107.5% (B.P.1993: 1P, 1996]
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Drug Profile B.15: Phenytoin Sodium

N
F / CeHs

<C6H5

5.5—diphen_vliml

C]_-:HHN:N[IOg

Chemical Name

Emperical Formula

Molecular Weight 274.3
P 3.30 [99]
Description A white, crystalline powder; slightly hygrosco pic
Solubility ; Soluble in water and cthanol (95%
insoluble in dichlmomethame and in ether.
Official Method (;_/24;:{1!_1"51’3
a. Pure Drug : HPLC [U.S. p. 23]
) potentiometr [B.P. 1993, L.P. 1996]
Assay Limits ; 98.5-100.2 o4 [U.S.P- 73, B.P.1993]
' 0g.0-101.0% [LF- 1996]

b. ag ; ypLC [U- s.p. 23]
. Dosage FOr™ Titrimetry [B-F: 1993, LP. 1996]

' U.S.P. 23, B.P. 1993]
Acsay Limit : 95.0-105.0% [U
ssay Limits 90.0- 110.0% [L.P. 1996]

'dazolidone-2,4—dione sodium

); practically
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Drug Profile B.10:

Chemical Namc

Emperical Formula

Molecular Weight

Melting Point

Propranolol Hydrochloride

HCI

(RS)-1 —isopropylamino—3—( ]1-naphthyloxy) propan-

2-o0l llydrochloride
CiH2:NO2, HCl
295.8

163-166°C [2]

9.45 [99]
der. odourless

P,
Description White or almost white poW
Solubility Soluble in water and 1n ethanol (95%); slightly
soluble in chloroforn; practically insoluble in
cther.
Official Method ofAna!_l'sis
' . Drug HpLC [U.S-P- 23]
t Pure DI potentiometry [B.P.1993, [.P. 1996]
imi 08.0-101.5% [US.P. 23]
Assay LImIE 99.0-101.0% [B.P.1993, [.P. 1996]
HPLC [U.S.P. 23]
g ns
b. Dgsa FX UV [B.P.1993, LP: 1996]
90.0-1 10.0% [U.S.P. 23]
0 (B.P.1993, L.p. 1996]

Assay Limits

92.5-107.5°
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Drug Profile B.17: Tinidazole

CH,CH,S0,CH,CHj

o,N N CHs

Chemical Name )

. ' Name I-[2- (cthylsulphonyl) Cth}’l]'3'meth)’1-5-llitroimidazole

‘mperical Formula : CgHp:N30:S

Molecular Weight 247.26

Melting Point 15.198°C [3]

pKa 1.82 [99]

Description pale yellow, crystalline powder; slight and
characteristic odour

Solubility . Sparingly soluble in water: slightly soluble in
ethanol (95%)- .1 chloroform and in ether.

1alysis
Titrimetry [1
98.0—[00.5%

UV [LP. 1996]
(1.P. 1996]

Official Method of Al
p. 1996]

a. Pure Drug

Assay Limits [L.P. 1996]
bh. Dosage Forms
Assay Limits 95.0-105.0%
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Drue Profi i
ug Profile B.18: Trihexyphenidyl hydrochloride

———
\

¢~ CH,CH—N . HCl

OH o

(RS)-1 —cyclohe.\'yl—l —phenyl-B-piperidinopmpan-

Chemical ~Name :
1-ol hydroch]oride

Emperical Formula CoHaiNO, HC

Molecular Weight 137.9

Melting Point . 247-253°C [430]

Description - A white or creamy white, crystalline powder,
odourless

ater; soluble in chloroform. in

Solubility . Slightly soluble INW
ethanol (95%) and in methanol.

thod qf'Ana{vsiS

Official Me
q. Pure Drug . HPLC [U.S.P. 23]
Titrimetry B.P.1993, L.p. 1996]
Assay Limits : 98.0—102.0% [U.S.P. 23]
98.0-101.0% [B.P.I993, 1.P. 1996]

p. 1996]

pP. 23, B.P.1993, L.
93, L.P. 1996]

HPLC [U.S.
U.S.P. 23, B.P.19

b. Dosage Forms
90.0-1 10.0% [

Assay Limits
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APPENDIX C

I. DRU ALYSED BY
LGS ANALYSED BY DIFFERENCE SPECTROPHOTOMETRY

\BLE C.1: SINGLE PREPARATIONS

e
S.NO s
B DRUG NAME SP'ECTR.-\L CHANGE REF
. INDUCING AGENTS NO
- I. Analgesics & anti-inflammatory —
1 - B
— Piroxicam 0.5M HCI Vs 0.1IM NaOH o)
- Indomethacin Meth. 0.1M HCI1 Vs 0.1M 21
] NaOH .
2 Phenylbutazonc 0.01M HC1 Vs pH 7.0 34
4
N Oxyphcnbumzonc - 15
- )
| & ] Morphine ; 36
[1. Antibiotics
0] Chlormﬂphcnicol 0.1M HCI Vs 7n treated HCI 22
7 Trin]elhoprinj OO’-H\JI H:SOJ Vs 0081\/1 NE],OH 27
_____/ 0.01M NaOH Vs H:0 28
] Tetracyelines 0.01M H,SO4 Vs 0.01M NaOH 37
0.01M H,SO: Vs 0.01M NaOH 37
38

9 Oxytetracyclines

|10 ] Rifamycin pH 4.63 VS NaNO>

LN Cipro floxacin HCl 0.01M HC Vs 0.01M NaOH 39

13 Ethacrynic qcid H,0 Vs Phos. buffer. ___:;L
/ 41

101‘0thi qzide
—.-_-_.‘—-——-——-__-—

|14 Hydroch
Iv. Antipsychotics
5 [ Nitrazepam WL
Ethanolic 0.5% H2S0: Vs 43
I

10 Diazepam
1azep Ethanol
acid + 44

H,0 Vs H-O + acetiC

17 | C hlorpromazine
H.0:




Table C.1 Contd.: Difference Spectrophotometry -

Single preparations

V. Vitamins
18 | Vitamin Bo Phos. buffer pH 7.0 Vs 0.IM HCI | 29
19 | Vitamin C Phos. buffer pH 6.2 Vs 0.1M HCI 45
V1. Miscellaneous
2() | Furazolidonc Reduced Vs Non-reduced 23
21 | Nitrofurantoin Reduced Vs Non-reduced 23
22 | Nitrazepam | Reduced Vs Non-reduced 23
23 | Metronidazole Reduced Vs Non-reduced 23
24 | Isoniazid Reduced Vs Non-reduced 24
25 | Diloxanide furoate Drug Vs Degraded product 26
26 | Amidopyrine 0.1M HCI Vs Phos. buffer pH 7.0 | 46
27 | Chlorhexidine - 47
- - 48
28 | Mercaptopurin€
29 | Theophylline pH 7.0 Vs pH 9.0 ‘}9
H 2.0 Vs pH 2.0 Drug soln. 50
30 Salbutanlgw,___ p
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TABLE C.2: DIFFERENCE S

l’EC'I'ROPHOTO.\IETRY - COMBINED PREPARATIONS

331

ine sul

Orci renal

S.N i~ AE
e DRUG NAME(S) SPECTRAL CHANGE
INDUCING AGENTS Ii'EF
= I. Analgesics & anti-inflammatory NO
l Paracetamol - Chlorzoxazone 0.02M NaOH Vs 0.02M HCl 31
- Paracctamol - Aspirin 0.2M NaOH Vs NaOH + H-BO: -
- + KCl ’
2 Paracetaniol - Analgin B =
-_-1 paracetamol - OXy yhenbutazone _QMOH ;4
2 Oxvyphenbutazonc - Analgin % 33
0 Mefenamic acid - Flufenamic acid | 0.01M HCl Vs 0.01M NaOH 55
: Amidopyrine - Phenacetin 0.01M NaQH Vs 0.05M H-SO. 56
[1. Sulfonamides
8 Sul haguaniding - Sulphadimidinc 0.1M HCI Vs 0.1M Na,CO: 57
9 SLllplmmctlmxuzolc  Trimethoprim 0.1N H2SOs Vs 0.1N NaOH 58
0.1M HC1 Vs 0.1M NaOH 59
11 Antidiarrhocnls
10 | Tinidazole - Diloxanide furoate 0.1M HCI Vs 0.1M NaOH 60
' 61
11 Vietronidazole - Furazolidone 0. 1M HCl Vs Meth. 0.1M HCI 62
IV. Antipsychotics .
12 [evodopa - bescrazide ])Hd7.0 VspH 7.0 F 0.1M boric 63
acl
GeO2 * Na,HPO. Vs Na,HPOu 64
— lamide 1M HCI 65
13 - ~vlbutazoneé - Sallm-lzumda, H,O Vs 0.1M I
3 Phenylbutazone ; HO Vs 01M NaOH
14 Phcnobarbitone - Theo hylline L’///'___Q_G__
V. Miscellaneous / — e
' : dised Vs Unoxidised 2
15 Phcnylpropanolummc HCl - Oxidised
Gual henesin // , oV e
- d Vs Unoxidised 21
16 Shenylpropanolamine HC! - fid:i//
Dextramethor han HBT : V0.1 = ]
| {HC 1 Vs 0.1M NaOH 68
|18 | Allo 1111{101 _ Flucytosine il - NaOH 0
10| Terbutaline sulphate -
hate
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IL. DRU ALYSED BY
L'GS ANALYSED BY DERIVATIVE SPECTROPHOTOMETRY

,I‘ » pl ] . e "
ABLE C.3: SINGLE PREPARATIONS

S.NO DRUG NAME -
NAME METHOD Dn TECH.\’IQUE’ REF. NO
I Metronidazole A%
- ¢ ( . c __-_-[::}_-____ 1 PR =0
: Sulphumclhlzole uv 1 RS —
;‘1 K%:[opf‘o fen Uv ? PR 139
T D]ClOfEI‘l‘L‘lC UV 1 - 140
> [operamide uv 2 PB 141
FLU 2 PB
6 | Tetracyclines uv 2 PP 142
7 Sulphathiazole HC! uv 1 ZCP 143
S Enalapril maleate uv 4 __________________1_:1:;___
9 ] Timolol maleate uv 1 PB 145
]
___L__ Salbutamol sulphaté uv 1 PB 146
= i 2 FP 7
L Famotidine UV' | 147 |
|12 Albendazole uv ! ________P__B__________l_{§___
[3 Bromhexiné HCI uv ______?_____________E_}%__.______l_*'?___
14 Cortisonc acetate —______[_J_f_\_f____._‘__l_,___.______?_}?___._.—___l_’_q___
2 . : ™ B 3
15 Tamoxifen citraté _______Ij_\f____._______g_._.-_______f._.—-—-—-____l_il_.__
: 52 PE 52
uv 1&2 PP 152
: uv 1&2 PB 152
IS ] [buprofen ‘___,,/"'—-—-—-1-""—-—-—-—-'—"""'_—})}3 153 |
‘ 3t )
19 Sufphzzcclamlde sodium //UU%,,____I____ = ]
P . s —-_-_-_._-_-_.__-_______ I b
20 Triamcinole acetonide A oy T 155 |
S ——i ; - i /}i\/’—’_ 2 PB I3
) " mard ___._.‘————//"—-———-—-'—"_
2L Clumast.me fur = o =5 T
22 Sacchartil /"T’- PB 268
e | e
Sulphamerazm . PB 269
e o L
Tolic acl - —. RS: Rati -spectra.
e Peal\'-pmk: PB: Peal\-base]me, RS: Ratio

: ZCP: Zero-crossing point:



C.4: DERIVATIVE SPECTROPHOT

OMETRY- COMBINED PREPARATIONS

TABLE
S.NO DRUG NAME(S) METHOD | Dn | TECHNIQUE | REF.
B NO
I. Analgesics & anti-intflammatory
I Paracetamol - Mefenamic acid Uv 1 ZCP 157
2 Paracetamol - Chlorzoxazone uv 2 ZCP 158
3 Paracetamol - Orphenadrine HCl UV 2 7ZCP 158
1| Paracetamol - Aspirin uv 1 s 159
3| paracetamol - Chlormezanonc uv 1 ZCP 160
0 Paracetamol - Caffeine Uv 1 ZCP 161
7 Paracetamol - Methocarbamol Uv 2 ZCP 53
8 | paracetamol - Indomethacin uv 1&2 ZCP 163
0| paracetamol - Codeine | UV | 1 ZCP 164
10| Paracetamol - Ibu srofen __‘__L_J_}’:________ﬁ___ ZCP 166
11| Aspirin - Caffeine ______[_J_lr__________2_____ MLRA 165
12 | Aspirin - Salicylic acid IEJL\[’J 3 Z(-ZP ‘1)28
| FLU L ——
13| Heroin - Mot hine ______QY__._.-___Z._._ ZCP&PP 167
14 | Analgin - [idocaine HCI _____I_i_\_/__._._____})__._ ZCP 168
[5 | Cocaine - Lidocain ,_y%i,__;, chgpp igg
16 | Cocaine - Procainp ’,_%\_/,—T._.—‘z'——-— = =
17 | Cocaine - Tctracan?e ’____I.J_.\;._-—-—_._—z—-—- ~CPapP e
18 | Cocaine - Benzocaine | Ly L=
I1. Antihiotics/sull‘oImmides _ _d___\_/___,____l_______z__m_ﬁ_o_
19 | Sul Jhamellmzine - Sul Jhatlpazole .-—-—-%-;\7"’""""__'_' RS 131
50 | Sulphadiazinc - Trimethlo rim _______[j._.v_--——__.—l-—-—____-—i-{—é-—-—-_-ﬁ-é—-
51 | Cepharadine - Clavula.mc a‘cml ________U_\_/_._._._____.l_.________.—-—-—-ZCP Bl
2 W [ 2 | zCp&RP L1
73 | Cephradine - Arginine(L) _,_._.JV—-—-—-*—-I-L—-E" ~CP 73
2 W [ 2&3 | ZCP&RS | Ut
25 W —v  |i&2 | ZCP 175
20 W — v &2 | ZCP 176
57 | Cefapirin Sod. - Cefuroxime .so'd. ______U___\_/___._._ 5 _______.__-———ZCP ST 8
TM —v |1&s | RS 133
29 | Procain€ Penicillin G- Pelmclllm G b . ______ré'_(.:_l?_-—-—-— 178
sod. - Dihvdrostre tomvcz.n _su h. _______U_,{.[__-——,_—-z——-—-_—-jgf_—__ 179
30 | Am icillin sod - Dicloxacillin sod. ""['f\_/'f;—f’____z_c_‘z.—-—- 130
31 | Ampicillin- Cloxacillin | -
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Iilhlc (-. 4 ¥ : -‘q i = I I ns
v

,; Amoxvcillin - Dicloxacillin uv 1 7P
” .;\m(_)xvcillin - Cephalexin uv 2 7CP 151
34 | Sulfamethaxazole - Trimethoprim uv 1&2 RC 1’8’3
Uy || zcpama | 183
35 Su]phamctlm;/o]e _ Trimethoprim [[:‘2 : = e
| A prim - / : MA 185
1.4 Dioxane
36 Sulplmmclhazolc _ Trimethoprim - uv 3 PB 186
Phenazopvridine HCl
-:‘r” | Sulphamethazole - Trimethoprim uv 2 MA 187
;‘3 Sulphathiazole - Sul shanilamide uv 3&4 ZCP 188
39 Sulphacetamide - Sulphadimidine uv 1 ZCP 189
40 Sulphuthiazoic - Sulphanilamidc = uv 1,3&53 PB 190
Sulphadiazine
11 | Oxvtetracycline - Riboflavine ___ELLJ________L___ PB 271
I11. Antidinrrhoenls
ZCP 191

de furoate - Tinidazole

42 Diloxani

3 | Furaltadone - Chloramphenicol
IV. Antifungals
14 | Miconazole - Vletronidazole uv 7CP&RS | 193
15 | Miconazole - Econazole uv 2&3 ZCP 194
16 | Clotrimazole - Azidamfenicol - uv 1&2 ZCP 195
Dexamethasonc
V. Antihistamines
7 | Dextrometho han - Guai henesin ___g_v__,__g_&_;__ | ZCP 196
13| Dextromethorphan HBr - uv 2 MA 187
Chioqjhemramine maleate -
Pseudoc¢ hedrine HC I ________._._—,_____._._-___________-—-—______
49 Diphenhydramine HCl - uv 1&2 PP 198
Naphazoline HCI _________._.-_______._.—-_______._.—-—-—-.___.—
| a0 | IsoErenaline HCI - Guaighenesin ______L_J__V____._____}_._.________Z__(_:f._._-—-__%gg._
51| Cloprenaline T[C1 - Bromhexine Wy ! MA 00
HC1-Decloxizine HCl ‘_____________._______,_._—________._._.—-—-—-___._._-
52 | Phenyl propanolamine HCl - uv ! ZCP 201
53 | iphenesin UV ____3_’___-______2.(;1-)—-—-— | 202 |

Theo hvlline - Gua

n
(8]




Table C.4 Contd.: Derivative Spectrophotometry - Comlbin

ed preparations

e

54| Pscudoephcdrinc HC]1 - [buprofen uv 1 i 03
55 | Promethazine HC1 - Paracetamol Uv 3 7P 504
V1. Antihypertensives /diuretics
36 Hvdrochlorothiazide - Cilazapril uv 1 ZCP 305
37 H_\'drochlorotlliuzide - Captopril uv . B 206
UV 1&2 ZLP 207
38 H_vdrochlorothiazide - Amiloride uv 2 MA 208
HC |SAY _ | RS&MLRA | 209
59 Hydrochlorothiazidc - Enalapril uv 1 ZCP 210
maleate
60) Hydrochlorothiuzidc - uv 12 | PP,RC&PB | 129
Spironolactone UV 1,2 YA 207
01 Hvdrochlorothiazide - Hydralazine uv 2 ZCP 211
Htl FLU 1 ZCP 949
52 [ Spironolactone - Frusemide oy [1&2l  ZEF 207
63 Proprzmolol HCI - H}*dralazine uv 2 ZCP 211
HCI —
04 | Clopamide - pindolo! uv 1&2 iy 212
65 polythiazide - Prazosin ______Q_\_’______ 2 ZCP&PP 213
60 Atenolol - Chlorthiazidc ______L_J_\_’_____.____;L___ - 21L_1
67 | Atenolol - Nifed! inc oV L= ZCP 215
VII. Antips._\-'chotics . d ______[_J_{_/_____ﬂ__]_‘_g'_i_ == >
e W I o, =
5 Phenoparbital - Verzpeit 2 o L
=1 | Amitriptyllin€ - Chlord1az€ oxide ‘_'_'_ﬁ'\/’-’_ﬂ@# — T
7 | Amitriptylline - <1 henas it —v  |1&2 | ZCP 219
| Amiyptyline - e ooy 162 —zcp [
i W L T1&s| P |20
75 Triﬂuperazine HCI -
W [ 1 | MLRA |2
0 W —v | &2 i)
77 | Caffeine - pethiding -
Amphetamin® : —v | 2 7CP 225
| 78 M s ks 2
L W’ o e
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Table C.4 Contd.: Derivative Spectrophotomet

rv — Combined preparations

. 7CP: Zero-Crossing point:
RS: Ratio-spectra:

MLRA! Multiple lit

30| Meclozine HCI - Pyridoxine HCI - UV : ZCp T
Nicotinic acid Z
81 Phenoprobamate - Paracetamol uv 1 7CP l o
VIII. Steroids
S2 | Ethinyl estradiol - Levonorgestrel uv 1 7Cp T
83 Ethinyl estradiol - Norgestrel uv 1 7CP 538
84 Oestradiol benzoat¢ - Progesterone uv 2 ZCP 770
85 Oestradiol valverate - Testosterone uv 2 PP 330
cthanoate
36| Norcthisterone - Norgestrel v | 2 | pp [230
IX. Vitamins ________————]
87 Vitamin B - Vit Be - Vit Bia uv 1&3 RS 731
88 Vitamin B - Vit Bg- Vit Biz - uv 2 7CP & 230
Uridine 5°-triphos shate PP
89 Vitamin B - Vit B,- Vit Bz - Vit Be uv 1&3 MLRA | 233
Vit C
90 | Ascorbic cid - Menadione sod. uv 2 ZCP 234
biphos. . i -
g1 Vitamin A- Vitamin E L‘“\" 3 PP 232
9> | pyridoxal - Pyrido.\'amine SVEJ_;ILU % %gg 273
93 | Vitamin B; - VitBa- VitBs FLU 2 PP 274
. Miscellaneous —— a
91 | Strychnin€ - Brucine — ""’TJU%_—— 1;2 ZZC"(;P& i ;2
93 Nitrofurantoln - Phenazopyrdine -
o5 | - uv &4 | ZCP& | 238
96 Sulphaquinoxalonme . _ =4
___M T Y R
97 | Methylene Blue - Hexamuie -
Resorcinol _ “—TV’_-_-T—T T
98 | Rifampicin - [soniazid -
Pvrizinamide - . _____.I;.T:-[—J-T—-—-—_._-—1-—-——-—-i-—-—-—cP &
2 Qumidme - CinsfP : .-baselin€: MA: Multi-component analysis:
peak P B is: RC: Ratio—compensation.
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TABLE C.5: DRUG ESTIMATI

SPECTROPHOTOMETRY

ON IN PRESENCE OF IMPURITY BY DERIVATIVE

- 7CP: Zero-crossing point:

TABLE C.6: DR

TION IN

Lafllo]—

I

B

8

PRESENCE OF DEGR

S.NO DRUG AND IMPURITY METHOD Dn TECH\'IQL’E“ RET. NO
i Chlorpromazine & Sulphoxide uv 3 PP 7_;
. FLU 2 PP _;_7é
= Paracetamol & 1-Aminophenol Uv 3 242
3 | Piroxicam & 2-.-\1111'110})vridine uv 2 PP :_15
= Indomethacin & 5 Methoxy-2- uv 3 - ;_;_;

methyl indole-3-acetic acid B
5 Ciprofloxacin & uv 4 ZCP 245
Ciproﬂoxucinamide.
_N.N’-bis hydroxy methyl
Ci srofloxacinamide —
O Phenothiazines & Sulphoxide FLQ_____E - 277
pp: Peak-peak

ADATION PRODUCTS BY

uG ESTIMA

D ERIV:\TIVE SPECTROPHOTOMETRY

/___________—
DRUG NAME VIETHOD Dn TECHNIQUE | REF.NO
| ]

Cephalosporins U’V 1&2 ______I_’E______ 3—16
Sulpha drugs L"V 1 . _______}_IDJ_E______ ;:lw
Glibenclamide L,V 1;:; e ;42
Mebeverine HCI U'V 1&; = ;48
Clopamide uv 1&2 2 ;49
Thiazide diuretics UV | ;50

1 Mine LV = = _'.‘
Nitrendipine - —= = =

Phenvlbutazone

: PP: Peak-pe

ak: PB: Pcak—baseline.




TABLE C.7: DERIVATIVE SPECTR

OPHOTOMETRY IN BIOLOGICAL SAMPLES

DRUG NAME(S)

I. Single prcparations

Nitrazepam :

11. Combined preparations

Methaqualone - diazepam

Cephalexin - cephradine

Salicylic acid - Diffusinal
Salicylic acid - naproxen

S.NO

! Paracetamol
)

3 Clonazepam
4 Pyridoxamine
5

6

¥

8

9

10 | Aspirin & it
11 Epinephrine -

Naproxen & 1ts metabolite
metabolite

norepinephrine

- 7CP: Zero-crossing po

int; PP: peak-peak;

METHOD | Dn | TECHNIQUE | REF.
NO
uv 1 PB 252
____LJ_V___-— 4&5 PB 253
_____U_\_/_._- 4&6 PB 253
___E_L.I;J-—-— 1 PB 278
e
UV | 2 ' 22
_____E.L_L.J—-—— i Vil By 279
FLU _.___Q______ PP 280
FLU ____g____ ZCP 281
FLU ____’__)_____ PP 282
Sync. 1&2 ZCP 283
FLU [
Syne. 2 ZCP 284
FLU

|
PB: Peak—baseline
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TABLE C.8: UV-VIS DE

RIVATIVE SPECTROPHOTOMETRY _ OTHER APPLICATIONS

NAME OF STUDY

Dissolution rate
Dissolution rate &
kinetic stud
Stability
Degradation kinetics
Partition coefficient

Percutaneous
absorption
GI absorption

Protein binding
Molecular interactions

[dentification in
presence of Tartrazine

TECHNIQUE

PB

SNO | DRUG NAME(S)

1 Aspirin

2 Acetazolamide

3 Norfloxacin

4 [ndomethacin

2 Chlorpromazine -
Promazine

¢ Naphazoline -
Oxprenolol

¥ Piroxicam -
Ranitidine

8 Rifampicin

10 Methadone
-

. PB: Peak-bascline.

and Green S

oot
[ax¥ E=ox 1 Lex}
w0
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HI. DRUGS ANALYSED BY DERIVATIV

\BLE C.9: SINGLE AND COMBINED PREPARATIONS

'E-DIFFERENCE SPECTROPHOTOMETRY

-

S.NO DRUG NAME
NAME(S) SPECTRAL CHANGE . .
INDUCING AGENTS Dn | TECHNIQUE | REF.
I. Single preparations NO
1 Oxytetracyclines 0.01M H,SO04 Vs ] PP e
= : 0.01M NaOH
- [etracvclines 0.01M H.SO4 Vs I B T
. 0.01M NaOH
2 Chlorprothixene Qxidifse.d Vs R PB e
. Unoxidised
4 [hiothixane Ov.\'idi.se.d Vs - PB 106
_ Unoxidised
2 Flupenthixol. diHCl Oxidised Vs 2 PB 406
L. Unoxidised
§) Cap[opri] NEIOH Vs Meth. 2 PP 407
| drug soln.
7 Clomipramine HCl 0.001N NaOH Vs - - 408
] 0.001N H2SO4
8 Oestradiol dipro hionate Acid Vs Alkali 1 PP 409
| 9 [ Ocstradiol Valeraie Acid Vs Alkali 1 PP 109
10 | Oestradiol benzoate Acid Vs Alkali 1 PP 409
| _11 | Testosterone Eropionate Acid Vs Alkali 1 PP 409
12 | Progesteronc Acid Vs Alkali 1 PP 409
13| Chlorpheniraming maleate Veth, 0.1M HCI Vs 2 PB 410
Methanol
14 Ethinyl Oestradiol Methanol Vs 1&2 PB 411
[1. Combined prepnrations
15 | Aspirin - Dipyridamole 0.1M HC1 Vs 2 ZCP 215
L 0.1M NaOH I PR, o
16 | Triprolidine - 0.1N H,S04 Vs 2&4 PB 412
Pseudoephedring - 0.1N NaOH
Dextromethor han T ™" e o N
17 | Oxazepan - Dipyridamole 0.1N H,SO4 Vs 1&2 PB 413
0.05N NBQBJO7 “"_'_-—_-__—-_—T
18 | Phenobarbitone - 0.IN H2804 Vs 1&2 PE 7
D1py11damole 0.1N NaOH | - e
19 DiEvridamole _ Etilefrine /__-'-—___—————"‘"’-—-""
nk-peak: PB: Peak—baseline.

: ZCP: Zero-crossing

point: PP: Pe
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APPENDIX D

:\ %
[ ATHEMATICAL EXPRESSIONS USED IN STATISTICAL TREATMENT

OF ANALYTICAL DATA

Mean (Y):

Ihe total sum of absorption value divided by the number of replicates of
: a

concentration

Y i

[} ook

Vit
N

Y = Mean of absorbance values; Yi = Absorbance value;

N = No. of dilutions

Standard deviation (5):
he mean divided by one less

fferences of each value fromt

o [zo0
N-1

n absorbance value;

The sum of squares of the di

than the number of replicates

y = absorbance of a dilution: Y = mea N = No. of dilutions

(C.V):
ues and also known as relative standard

ure of dispersion val

jon for its determin

Coefficient of yariation
This is the relative meas

deviation (RSD). The express

ation 18

—.i-xll}[)

CV%=
Y

s = Standard deviation; y = Mean of absorbance values
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Standard error (Sy):

It is a measure of the variability of the mean

ation (Method of least squares):

Linear regression equ
1g the exact relationship bet

This equation helps in identifyi ween concentrations and
e linear or non-linear. The It
e line is regression line Y (absorbance) on

measured values, may b near regression equation can be
wo different straight lines. On
e is regression line X on
regression line Y on X and the line

expressed as t
v. The line used to estimate

X (concentration) and another lin

values of X is called as

values of Y knowing the
Jine X on Y. In least squares method,

ues of X 'is called regression

errors. The appropriaté €
on line Y on X will be designated

used to estimate val
e sums of squares of

4 +bX. The slope (b)
the slope values of r

we minimis quation of a line is in the
values of regressi

form of Y=
X on Y will be shown as bxy.

as by and similarly, egression lin¢

3 (X-X)v-Y)
byx = — 2
T(X-X)"

tion of the drug

Mean concentra
hance of drug solutions

ug solution; X=
Y = Mean absor

X = Concentration of dr ;
drug solution;

v = Absorbance of chosen

Slope without intercept (b):
ugh the origin with a

is obtained by fo
) and the slope v
s and concentrat

egression line thro

rcing the T
erstanding the p

alue helps 1n und

ions

This value
roportional

introduction of point (0,0

relationship between measured value

2t

=

b
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Standard error of estimate (Syx):
[t is the me > of di '
measure of dispersion of the standard points relative to the regression li
g ne.

The : . . _
he appropriate expression used to obtain Syx 1S

from the regression line

Where di° = (Yecale — Y): Y eale = predicted value
~ved for a particular concentration

v = Actual value obsc:
N = Number of dilutions

and intercept (Sa):

Standard error of slope (Sv)
are calculated 10 study the amount of error involved in the

These two values
om scatter of points about the

,) and intercept (Sa) due 10 rand

determination of slope (St

ropriate expression o obtain Se and Sa

regression line. The app

ons;

N= Number of dilutl
f a chosen sample

S‘.'\ — Standard error ofestimate
= Mean value of concentlatlo ns; X = Concenuatlons 0

v RR):
he random scatter of standard points about the

for the deten‘mnanon is

jo of residual (
ed to determine
expression used

Percentage rat
This has been calculat

regression Jine. The appropriaté
YCal 100

)RR =
Yo

ssion line

rticular concentlatlon

y,, = Predicted value from the regre
y, = Actual value observed for apa
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Confidence interval for slope and intercept:

The 95% 5 8 -
594 confidence interval often used to confirm that the variations seen with the

slope and intercept were well within the acceptable limits

t(Syx)

Slope=b +t(Sp)=b%
X=X

Intercept =a£t(Sy y=axt(S yx)

— Standard error of slope

value of observations

S, = Standard crror of intercept: Sb
egrees of freedom

S, = Standard error of estimate; X = Mean
t(two-sided) = ‘t-yalue’ from standard tables with a known d

rity [97]:

ive me

F-test for non-linea
This test gives a quantitat asure of the strength of evidence for non-linearity. If a
hip holds. standard s an estimate [with (N-2)

of the sample population va

deviation Syx represent

lue © will have a less value than the

linear relations

degrees of freedom]

theoretical value at 5% level

S,y = Standard error of estimate; 0~ gtandard deviation of sample population

Correlation coefficient (I):
is a quantitative measure of the relationship or correlation

elation coefficient

bles

The corr

between two varia

- P \}
Y

(=¥

gy e e [




x=C 7 : o
oncentation of a dilution: Y = Absorbance value of a dilution

N = No. of dilutions

Student’s r-test for correlation:
This test 1 :
test is performed to sce whether or not an observed correlation coefficient is real

or due to chance

lr N-2

= a—

12

ty., = “r-value” with (N-2) degrees of freedom at 5% level

r = Correlation coefficient

One-way ANOVA test:
method of analysing

WO or more group mean

data from designed experiments, whose

s. A one-way ANOVA test is used

periments where two of

This is a general

objective 1s 10 compare t
o test the equality of tr
v assigned to differen

variance into two parts,

eatment means in ex

when we wish 1
t, independent experimental units.

catments arc randoml
that due to treatment

more (r
jgn separates the

This one-way des
e to error within th

e treatment (within)

differences (between) and that du

TSS =BSS + WSS

res
ts sum of squares

of squares

Total sum of squa

Between- treatmen
1'eatrnent sum

Where TSS =
BSS =
WSS = Within-t

TSS can be obtained by using following equation

:
2 (Z\’)'
rss=%Y "N

e grand total of all of the

here (EY)'s th

p term (C.T), W
rvations (N).

n as correctio
| number of obse

(EY)Y/N is know
divided by tota

observations squares- 1S



BSS v 1
s value can be obtained by using follow1

346

ng equation

-

BSS = Z%—C-T

'1‘. » . -~ »
is the sum of observations an

group 1.

WSS ¢ : :
VSS can be obtained by using

d N, is the number of observation

s in the treatment

following equation

WSS = TSS - BSS

(d.f.) for various ¢
TSS
BSS
WSS

The degrees of freedom

Where N, = total no. of observations; !

The F-value for the test was obtal

F = BMS/ WMS BMS =

Two-way ANOVA test:
This test 18 useful when more th
different conditions. The equation used t

N, =

Between m
WMS = With

an two treatmen
o calculate diffe

alculated terms

= N‘_l
— N1
— (N,-1) - (Ne-1)

No. of treatments

ned by calculating

ean squUares = BSS/d.f.

in mean squares = WSS/d.L.

ts have 10 be compared treated under

rent values 1S

TSS =CSS5 + RSS + ESS
Tss = Total sum of squares; css= Column sum of squares
ESS = Residual sum of squares

RSS = Row sum of squares;



I llb ‘1b()\, [ e an l)(: a n'l Y o \v o e
[ 7 USII f 110 il'l i

Tss=3. X?-C.T

ESS = TSS — CSS- RSS

-

D Pk O .,
R

RSS = P———FER: -C.T
C

Where C, =
1ere C;= total of column j; R = number of TOWS;
R, = total of rows i, C= number of columns

The ¢ '
c degree of freedom for various calculated terms 1S

TSS = N,-1
css= C-1
RSS =R-1

ESS = (C-1)(R-1)

T . .
he F-value 1s obtained for columns and rows by

F., = CMS/ EMS
F.., = RMS/EMS
CMS = Column mean square¢ =~ CSS/ d.f.; RMS= Row mean square =
EVS = Residual mean square = ESS/d.f.
ANOVA test for linearity:
nducted 10 comp

OV A test was co
(deviations fro
tes or the e1Tor wit

a one-way AN
from the fitted line

rror from Y replica

In general,
deviations of Y

only to Y (the pooled €

are the vanance due to

m regression) to the variation due

hin line).
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The earlier mentioned equations in one-way ANOVA test for calculating various

e. However, the term BSS is further

terms are remain same. divided into two main

components.

(a) the sum of squares(SS) due to the slope (regression SS) and

(b) the sum of squares (SS) due to deviations of the mean values (at each X) of Y from

the fitted line (Lack of fit).

The equations used for calculating above two terms are

Regression SS = b Y (X-X)

Lack of fit gS =BSS- Regression SS

Where b = slope of the line

s obtained by

The E-value of the test Wa
(Lack of fit MS) /

F= (Within MS)

MS = Within 5S/d.f.

Lack of fit MS = Lack of fit SS/d. f: Within M
oF ) r ")

overies (Tw()-independeut groups test, variance wnknowit)

cov

les ar¢ equal

Student’s t-test for mean re

o treat the means for tW0 samp

This test is used t

,
3. Jides =162
) (NI "'l)S] +(N2 )Sz
§f =, N1~
1 ined from both groups
es obtained from g
. :mczmlc le sizes 10T (wo groups
= Pooled standard deviation: X, 1ples- N aunple
tion of twO san -

SI & S2= standard devia
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Limit of detection (LOD) [1,97]:

The L 1 e '
e LOD is the lowest concentration of analyte in a sample that can be detected, but

not necessari antitate 1
essarily quantitated. under the selected experimental conditions. Thus, limit

1e analyte concentration is above or below a certain

tests merely substantiate that tl

level and usually expressed in ug/ml. Itcan be calculated by following procedure

Yet —#

—_—

Xpop ==

Where Y, = a+3 X Standard error of estimate,

. = intercept; m = slope

J97]:

Limit of quantitation (LOQ) [1
termined

t concentration of analyt
racy under the stated ex

c in a sample that can be de

The LOQ is the lowes
perimental conditions and

with acceptable precision and accu

Jated by following procedure

expressed in pg/ml. It can be calcu

Ydet —2
Xdet  ~

5 LOQ - m

ndard error of estimate.

Where Yy, = a+ 10X Sta
= slope€

a = intercept; m
s were obtained from «pharmaceutical Statistics —

ford Bolton [98
ftware «Microsoft

matical expression
cal

ications” by San

o verified with so

The above mathe
]. The reported statisti

Practical and Clinical Appl
Excel 97 7.

values of the experiments Were als
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